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SCIENCE OVERVIEW
WITNESS

DR. RALPH CICERONE, PRESIDENT, NATIONAL ACADEMY OF
SCIENCES

OPENING STATEMENT BY CHAIRMAN MOLLOHAN

Mr. MOLLOHAN. I am glad to see you made it in this cold morn-
ing. It was cold this morning. March comes in like a lion, goes out
like a lamb. So we have spring to look forward to.

Welcome before the Commerce, Justice, Science, and Related
Agencies Subcommittee. We appreciate your coming today to pro-
vide your perspective on the state of science in the United States
and where you see it heading.

As those responsible for appropriations for four significant re-
search agencies, NSF, NASA, NOAA, and NIST, we want to ensure
that we provide appropriate support for science and technology so
that our country can continue to enjoy economic growth beyond our
growth in population.

We recognize that there is more to encouraging and sustaining
a healthy science and engineering enterprise than government fi-
nancial support. The freedom of inquiry offered by our democracy
is significant as are patent protection and the rule of law.

Our responsibility is to balance the investment of federal tax dol-
lars across many competing government programs and across the
research and science and education activities included in our juris-
diction. Finding the right balance is crucial along with providing
levels of support that are sustainable politically and practically.

Research is usually a long-term investment and is poorly served
by boom-bust cycles in funding and employment.

The National Academy of Sciences of which, of course, you are
currently President provided a major influential report entitled Ris-
ing Above the Gathering Storm that highlighted the critical need
for increased funding for NSF, NIST and the DOE Office of Science
and recommended increases have been provided especially in the
just enacted “American Recovery and Reinvestment Act of 2009.”

So, as the U.S. science enterprise is receiving increased funding,
are we striking the right balance among different areas and agen-

o))



2

cies and between science and science technology, engineering, and
mathematics education?

This morning’s hearing is the first in a series that are intended
to give this Subcommittee a clearer view of the state of science and
science education in the U.S. and a basis on which to make the
tough choices balancing federal investments in the research agen-
cies within our jurisdiction.

Dr. Cicerone, we look forward to your starting us off with an
overview of the state and direction of the U.S. science enterprise.
Yourdwritten statement, of course, will be made a part of the
record.

Before I ask you to begin, I would like to call upon our Ranking
Member. This Subcommittee was extremely well served by the good
work of our colleague Rodney Frelinghuysen last year who was the
Ranking Member on this Committee. And we were sorry to see
Rodney go, but we are very pleased to see Ranking Member and
former Chairman of the Committee, Frank Wolf, join us back.

Frank has a deep understanding of the accounts that are under
the jurisdiction of this Subcommittee and he is a great guy in every
way and we are very pleased to have him here.

Frank.

Mr. WoLr. Well, thank you, Mr. Chairman. I am really pleased
to be back with you. We had a great working relationship before
and I really am glad to be here.

And I want to welcome the witness. And with that, I will just
yield back. Thank you.

Mr. MOLLOHAN. Thank you.

Dr. Cicerone.

DR. CICERONE OPENING STATEMENT

Mr. CICERONE. Good morning and thank you, Chairman Mol-
lohan and members of the Subcommittee.

My name is Ralph Cicerone. I am President of the National
Academy of Sciences, which, as you know, was chartered in the
middle of the Civil War, 1863, with the mission of advising the gov-
ernment on matters of science and technology.

So even though we are not part of the government, that is our
job and we work along with the National Academy of Engineering
and the Institute of Medicine.

I appreciate the opportunity to speak with you this morning
about the enterprise of science in the United States because it is
a subject that is enormously important to our country and, yet,
complicated enough that I do not think anyone knows the whole
picture. Therefore, I think the hearing that you are holding is es-
sential for all of us.

With your permission, Mr. Chairman, I will just skip through
parts of my testimony here and there.

Mr. MOLLOHAN. Go ahead.

Mr. CICERONE. Thank you. And submit it.

The enterprise of science in America today is very strong. Fed-
eral investment in American science has enabled the United States
to be the world’s scientific leader since World War II, and con-
tinuing federal investment has led to unmatched growth and pros-
perity through the creation of technology and technological ad-
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vances themselves have increased the quality and span of life for
Americans and for people around the world.

Our science has also led to amazing discoveries about our uni-
verse and about life itself and all together, it has contributed great-
ly to the high opinion in which the United States is held in most
countries.

Other significant benefits include the strengthening of our mili-
tary power to deter and to fight wars.

Science comes in many kinds and your Subcommittee oversees
much of American physical sciences and engineering, yet there is
also a major enterprise in biomedical science.

American science continues to lead the world in the physical
sciences, but faltering federal support over the last 30 years or so
along with increased emphasis and investment elsewhere in the
world has reduced our lead.

In fact, our leadership is now disputed in some fields of physical
science. In fundamental biology and biomedical science, including
the creation and development of pharmaceuticals and biomedical
instruments, the American lead is larger, although not in all sub-
specialties.

In other countries, there is increased attention to inventorying
and measuring scientific investment and productivity, especially in
nations where national plans are being implemented.

But besides federal funding, as you just said, Mr. Chairman,
other ingredients are needed to sustain the science enterprise. Tal-
ented, ambitious people are essential, for example, and the stream
of such people starts with childhood education and continues
through college and university years to graduate and postgraduate
education.

To attract the brightest graduates, career opportunities must
also be available along with specialized equipment in laboratories
and computers.

American science draws deeply from American-born people who
study and produce here, but we have also enjoyed a large advan-
tage over other nations through the immigration of students and
scientists from other countries to our shores.

We received many gifted people who fled pre World War Europe
and the Nazis followed by others who left iron curtain countries
and still others who sought opportunities here from Britain, from
all of Europe, Japan, China, India, and Africa, for example.

Names like Einstein, Fermi, Bethe, Von Braun, Von Neumann,
and Eric Kandel come to mind. In fact, 24 percent of the living
American Nobel Prize winners were born in other countries.

Similarly, of the scientists elected to membership in our National
Academy of Sciences just in the last ten years, nearly the same
number were foreign born, that is 23 percent, and are now natural-
ized U.S. citizens.

However, recognition as Nobel Laureates and as NAS members
is usually for important research that took place 20 years ago or
even earlier.

A more current indicator is that approximately 65 percent of all
of our current doctoral engineering students in the United States
are from foreign countries. This flow of human resources to the
United States continues. But as we place more barriers against the
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entry of talented people and as more opportunities develop in their
own home countries, we will not be able to rely on them as much
as we have.

Research laboratories. American research universities are ac-
knowledged to be worth imitating and many nations are trying to
do so. The doctoral students who study and conduct research at our
universities are extremely important to the science enterprise along
with postdoctoral researchers and faculty members.

And our research universities and liberal arts colleges also pro-
vide ﬁpportunities for undergraduate students to experience re-
search.

After World War II until roughly the end of the Cold War, Amer-
ican corporations also operated some amazingly distinctive and pro-
ductive scientific research laboratories. Probably the apex was at
Bell Laboratories where prodigious amounts of basic research were
conducted.

Bell Lab scientific staff was star-studded. They won several
Nobel Prizes. They published their own journals. They created
many advanced products. They contributed to the national defense
while they also created and maintained the world’s best telephone
system.

And there were other important corporate research labs such as
at IBM, Xerox, Exxon, Chevron, and Eastman Kodak.

Now, today those same laboratories do very little basic research
compared to earlier years. The major responsibility for conducting
research now is with our universities. However, it 1s an advantage,
I think, to combine research and graduate education.

So while our universities already have more than enough duties,
the recently acquired burden of carrying the national research
agenda fits well with the mission of education.

And our system of American national laboratories and research
institutes also represents important capabilities.

I want to mention two other strategic advantages enjoyed by
American research, philanthropy and business investment.

The American practice of philanthropy is not practiced widely
anywhere else. Private funds from individuals and foundations pro-
vide essential support for our research and for student scholarships
and fellowships.

And, of course, I mentioned business funds, but I will not go into
detail today, about such funds invested in universities.

Science is also a source of good will for the United States. Amer-
ican achievements and activities in science have created a great
deal of good will worldwide. Significant numbers of foreign leaders
attended American colleges and university graduate schools before
returning to their homelands and they remain lifelong friends.

There appear to be large opportunities for American science to
become a major component of our diplomatic efforts while it also
continues to undergird our economic and military strength.

Let me say a few words about science education. Chairman Mol-
lohan already mentioned the report from the National Academy of
Sciences, the National Academy of Engineering, and the Institute
of Medicine in 2007 called Rising Above the Gathering Storm. It
arose from a 2005 request from your Senate colleagues and discus-
sions with a number of House members, including Mr. Wolf, who
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is here today, who led any number of efforts in his home State and
around the country about science technology and competitiveness.

The charge that that Committee accepted was to identify actions
which federal policymakers could take to enhance the science and
technology enterprise so that the United States can successfully
compete, prosper, and be secure in the global community of this
century.

The authoring Committee of 20 distinguished Americans placed
a specially high priority on increasing America’s talent pool by
vastly improving K through 12 science and mathematics education.
They argued that it is essential to produce more teachers who are
well grounded in the sciences and mathematics themselves and to
existing teachers to improve and maintain their science-content
skills. And they proposed to use previously tested methods to
achieve those goals.

The Gathering Storm report dealt with all levels of education all
the way through graduate and postdoctoral levels. I hope that Mr.
Augustine will discuss this topic further with you.

There are, of course, arguments about why American children do
not stack up better than children of many other countries and
maybe whether our standardized tests give too much emphasis to
factual knowledge as opposed to reasoning ability, yet it remains
that we receive very few visitors from around the world who want
to learn about and to imitate our K through 12 system while we
receive scores of foreign visitors to our university graduate schools
who are trying to emulate them and to reproduce them worldwide.

We have much work to do to improve our K through 12 and col-
lege level science and math education. Not only do we want to in-
crease the flow of human talent into high level science and re-
search, we also want to fill the pipeline with science students so
as to equip the nation’s workforce to be able to create and manufac-
ture products which take advantage of scientific breakthroughs.

And as Chairman Mollohan said, we need a scientifically literate
population to comprise an electorate informed on many contem-
porary issues.

Finally, improved education enables individuals to launch their
own productive careers.

The Gathering Storm report called attention to the importance of
creating something like a new National Defense Education Act spe-
cifically to provide support to science and engineering graduate stu-
dents.

Now, recently there are some reports from around the United
States, informal reports, that applications to attend graduate
science schools are up right now apparently because of reduced job
prospects for baccalaureate degree holders in industries such as fi-
nance and investment.

It is especially important to provide support for these students
not only to see them through their Master’s and Ph.D. programs
but also for research opportunities later.

Amongst these new and prospective grad students, the new ones,
there is special interest in energy science and technology and in cli-
mate change.
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For example, working in the science and technology of materials
that might be useful in capturing solar energy and in storing solar
and wind energy is very attractive now.

Similarly, plant science is appealing as we consider pathways to-
wards advanced biofuels that would not decrease food production
and emerging issues of food security are attracting interest.

And the science of climate change presents many fundamental
and complex challenges that are perceived by young people very
clearly who want to engage these challenges through science. So I
think we have a special opportunity today supporting science.

The Rising Above the Gathering Storm report presented four
main lines of action that the federal government should take to en-
hance the science and technology enterprise for the reasons stated
and they are to vastly improve K through 12 science and math edu-
cation, to increase federal support for science and engineering re-
search, to attract the best and brightest to American higher edu-
cation in science and engineering, and to create an environment for
innovation through a combination of economic, legal, and immigra-
tion policies.

The report recommended special attention to increased federal
investment in physical sciences, engineering, mathematics, and in-
formation sciences and to the Department of Defense basic re-
search funding.

It focused importantly on energy science and technology research
and somewhat on the National Science Foundation and the Depart-
ment of Energy and that choice of emphasis was very wise.

However, the report omitted detailed discussion of NASA, NIST,
and NOAA and, yet, the work of these agencies not only com-
plements that of NSF, the National Institutes of Health and the
Department of Energy, but these agencies are also important to ad-
dress the new challenges I just mentioned, and to support Amer-
ican science and higher education and, frankly, to all that we must
do.

The recently passed federal stimulus package has provided sub-
stantial support towards major national goals and goals that have
been arrived at very thoughtfully. The stimulus bill funds aimed at
American science, 1 believe, will be used very productively and in
forward looking ways.

Let us hope and resolve to make these new levels of baseline for
further advances.

Thank you once again for inviting me to appear before you, Mr.
Chairman. I would be happy to address any questions that I can.

[Written statement by Ralph Cicerone, President of the National
Academy of Sciences follows:]
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Good Merning Chairman Mollohan and members of the Subcommittee. I am Ralph
Cicerone, President of the National Academy of Sciences, which was chartered by
Congress in 1863 to advise the government on matters of science and technology. We

work along with the National Academy of Engineering and the Institute of Medicine.

Thank you for the opportunity to speak with you today about the enterprise of science in
the United States. It is a subject that is tremendously important to our country and
complicated enough that no one knows the whole picture. Therefore, the hearing that you

are holding is essential for all of us.

Current Status of American Science

The enterprise of science in America is very strong. Federal investment in American
science has enabled the U.S. to be the world’s scientific leader since WWIL Continuing
federal investment has led to unmatched growth in prosperity through the creation of
technology, and technological advances have increased the quality and span of life for
Americans and for people around the world. Qur science has also led to amazing
discoveries about our universe and about life itself and altogether. It has also contributed
greatly to the high opinion in which the United States is held in most countries. Other
significant benefits include the strengthening of our military power to deter and to fight

wars.

Science comes in many kinds. Your subcommittee oversees much of American physical

sciences and engineering yet there is also a major enterprise in biomedical science.



American science continues to lead the world in the physical sciences but faltering
federal support over the last 30 years or so, along with increased emphasis and
investment elsewhere in the world, has reduced our lead. In fact, our leadership is now
disputed in some fields of physical science. In fundamental biology and biomedical
science including the creation and development of pharmaceuticals and biomedical

instruments, the American lead is lérger although not in all sub-specialties.

How can I say these things about our relative position? What measures does one use?
There is no simple yardstick (meter stick) that does all of the measuring. Instead, we
keep track of many variables like federal research spending, numbers of patents, numbers
of research papers in top-notch scientific journals, citations to those papers, how many
new Ph.D.’s are produced each year, graduate student enrollments, and Nobel Prizes and

other prestigious prizes that are awarded on merit.

Actually, it is somewhat of an exaggeration to say that “we keep track” because not many
people do; one of the best and only sources of information is the National Science
Foundation and the National Science Board. In other countries, there is increased
attention to inventorying and measyring scientific investment and productivity, especially

in nations where national plans are being implemented.

Besides federal funding, what else is needed to sustain the science enterprise? Talented
ambitious people are essential. The stream of such people starts with childhood

education and continues through college and university years to graduate and post-



10

graduate education. To attract the brightest graduates, career opportunities must be

available along with specialized equipment such as laboratory instruments and

computers.

American science draws deeply from American-born people who study and produce here
but we have also enjoyed a large advantage over other nations through the emigration of
students and scientists from other countries to our shores. We received many gifted
people who fled pre-WWII Europe and the Nazis, followed by others who left Iron
Curtain countries and still others who sought opportunities here, from Britain, all of
Europe, Japan, China, India and Africa, for example. Names like Einstein, Fermi, Bethe,
von Braun, von Neuman and Kandel come to mind. In fact, 24 % of living American
Nobel Prize winners were born in other countries, Similarly, of the scientists elected to
membership in the National Academy of Sciences in the last ten years, 23% were
foreign-born (and are now naturalized U.S. citizens). However, recognition as Nobel
Laureates and as NAS members is usually for important research from 20 years ago or
longer. A more current indicator is that approximately 65% of all cﬁrrent doctoral
engineering students in the U.S. are from foreign countries. This flow of human
resources to the U.S, continues but as we place more barriers against the entry of talented
people and as more opportunities develop in their home countries, we will not be able to

rely on them as much as we have.

Another feature of science today is that international collaboration in scientific projects

has become much more common. Such collaboration is desirable for several reasons and



11

it is becoming more necessary for us in fields where we do not enjoy strong leadership

positions.

Research Laboratories

American research universities are acknowledged to be worth imitating and many nations
are trying to do so. While world rankings are not precise and are not even attempted
often, it is widely believed that most of the best research universities are American.
Students and researchers from around the world seek to enroll in, and affiliate with our
campuses. The doctoral students who study and conduct research at our universities are
extremely important to the science enterprise, along with postdoctoral researchers and
‘faculty members. Our research universities and our liberal arts colleges also provide
important opportunities for undergraduate students. Cooperative programs in which
students enroll while also working for science and engineering companies, although not

numerous, are very valuable as well.

After WWII until roughly the end of The Cold War, American corporations operated
some amazingly distinctive and prdductivc scientific research laboratories --- like those
of Bell Labs where prodigious amounts of basic research were conducted. Bell Labs’
scientific staff was star-studded and they won several Nobel Prizes, they published their
own research journals, they created many advanced products and they contributed to the
-national defense, while also creating and maintaining the world’s best telephone system.

Other important research labs were at IBM, Xerox, Exxon, Chevron and Eastman Kodak.
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Today, these corporate laboratories are still highly capable of developing new products
(Intel, for example) and conducting superb appli;d research but they do very little basic
research compared to earlier years. The major responsibility for conducting such
research now is with our universities. It is an advantage, [ believe, to combine research
and graduate education so while our universities have more than enough responsibilities,
the recently acquired burden of carrying the national research agenda fits well with the
mission of education. And our system of American national laboratories and research
institutes (some managed by universities) also represents imporﬁnt capabilities. It should
be noted that research universities are also expected to serve as engines of regional

economic growth.

Amel;ican Philanthropy and Business Investments as Strategic Advantages

I want to mention two other strategic advantages enjoyed by American research. One is
the American practice of philanthropy which is not practiced widely anywhere else.
Private funds from individuals and foundations provide essential support for our research
and for student scholarships and fellowships.  Finally, American venture capital and
other kinds of investment funds have contributed notably if irregularly to important

scientific and technological developments.

Science as a Source of Good Will
American achievements and activities in science have created much good will worldwide.
Significant numbers of foreign leaders attended American colleges and university

graduate schools before returning to their homelands and they remain life-long friends.
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A recent global public opinion survey fourd that admiration for U.S. science and
technology remains nearly universal*. - Another survey found that strong majorities of
those surveyed in Morocco, Jordan, Lebanon and the United Arab Emirates have positive
views about American science and technology. (2004 Arab American Institute/Zogby
International Survey). There appear to be large opportunities for American science to

become a major component of our diplomatic efforts while it also continues to undergird

our economic and military strength.

Science Education.

In 2006, the National Academy of Sciences, the National Academy of Engineering and
the Institute of Medicine produced a report called “Rising Above the Gathering Storm”.
It arose from a 2005 request from your Senate colleagues Lamar Aleéxander and Jeff
Bingaman and discussions with Rep. Bart Gordon and other House members. The
committee that authored the report was asked to identify actions which federal .
policymakers could take to enhance the science and technology enterprise so that the
United States can successfully compete, prosper and be secure in the global community
of the 21% century. The authoring committee of 20 distinguished Americans placed
especially high priority on increasing America’s talent pool by vastly improving K-12
science and mathematics education. They argued that it is essential to produce more
teachers who are well-gfounded in the sciences and mathematics themselves and to assist
existing teachers to improve and maintain their science-content skills, and they proposed

to use previously tested methods to achieve these goals.
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The “Gathering Storm” report dealt with all levels of education through graduate and
postdoctoral levels. While I trust that Mr. Norman Augustine will discuss this topic
further, I want to emphasize how important it is to improve our K-12 science and math
education. There are, of course, arguments about why American children do not stack up
better than children of many other nations and whether the standardized tests give too
much emphasis to factual knowledge as opposed to reasoning ability. Yet we receive few
or no visitors from other countries who want to learn about and imitate our K-12 system
while the movement to create foreign versions of our university graduate schools is large

and intensive.

We have much work to do to improve our K-12 and college-level science and
mathematics education. Not only do we want to increase the flow of human talent into
high level sciel;ce and research, we also want to fill the pipeline with science students so
as to equip the nation’s workforce to be able to create and manufacture products which
take advantage of scientific breakthroughs. And we need a scientifically literate
population to comprise an electorate informed on many contemporary issues. Finally,

improved education enables individuals to launch productive careers.

The “Gathering Storm” report called attention to the importance of éreating something
like a new National Defense Education Act to provide support to science and engineering
graduate students. There are some current reports from around the U.S. that applications
to attend graduate science schools are up, apparently because of reduced job prospects for

baccalaureate degree holders in industries including finance and invéstment. Itis
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especially important to provide support for these students not only to see them through

their Master’s and Ph. D. programs but also for postdoctoral research opportunities later.

Amongst these new and prospective new graduate students there is special interest in
energy’scie‘nce and technology and in climate change. For example, working in the
science and technology of materials that might be useful in capturing solar energy and in
storing solar and wind energy is very attractive now. Similarly, plant science is
extremely appealing now as we consider pathways toward advanced biofuels that would
not decrease food production. And thé science of climate change presents many
fundamental and complex challenges that are perceived by young pebple who want to

engage these challenges through science.

Supporting Science Today —~ A Special Opportunity

Earlier I mentioned our report “Rising Above the Gathering Storm”. It presented four
main lines of actions that the federal government should take to enhance the science and
technology enterprise so that the United States can successfully compete, prosper and be
secure in the global community of the 21% century. They are: vastly improve K-12
science and math education, increase federal support for science and‘ engineering
research, attract the best and brightest to American higher education in science and
engineering, and create an environment for innovation through a combination of

economic, legal and immigration policies.
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“Rising Above the Gathering Storm” recommended special attention to increased federal
investment in physical sciences, engineering, mathematics and information sciences and
to DOD basic research funding. It focused importantly on energy science and technology
research and somewhat on the National Science Foundation and the Department of

Energy. This choice of empbhasis is extremely important as the events of 2006-2008 have

shown once again.

Although “Rising Above the Gathering Storm” omitted detailed discussion of NASA,
NIST and NOAA, the work of these agencies complements that of NSF, NIH and DOE
and these agencies are very important to addressing these new challenges, to American

science and higher education, and to all that we must do.

The recently passed federal stimulus package has provided substantial support toward
major national goals that have been arrived at very thoughtfully. The stimulus-bill funds
aimed at American science will be used very productively and in forward-looking ways, I

believe. Let us hope and resolve to make these new levels a baseline for further

advances.

Thank you for inviting me to testify. I would be happy to address any questions that the

subcommittee has.

10
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Footnote* "Global Public Opinion in the Bush Years (2001-2008)"
<http://pewglobal.org/reports/pdf/263.pdf>http:/ipewalobal.org/reports/pdf/263

.pdf , which was released on Dec. 18, 2008 by the Pew Global Attitudes.

1
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SCIENCE FUNDING

Mr. MOLLOHAN. Doctor, thank you. Thank you for your testi-
mony, and again, thank you for appearing here today.

I know the Subcommittee members have a lot of questions for
you and very much value the opportunity to discuss these issues
with you.

I will ask in the first round if we could stick to a five-minute
questioning period and then the second round and that will give ev-
erybody an opportunity early on to ask questions and then in sub-
sequent rounds, they can follow-up in more detail.

Doctor, given the current largely bipartisan commitment to in-
crease funding for science, which we are already seeing and we are
very pleased, I can tell you all members of this Subcommittee are
very pleased to see an increased interest in larger funding for
science, what do you feel should be the end point of this growth
and when should we reach a stable level on investment in real
terms?

Mr. CicERONE. Well, obviously that is a fair question, but I think
we are so far away from that level that it is hard to say.

But to be more thoughtful, I think we have to think about what
our goals are for American science. A little over 15 years ago, we
did a study at the Academy on basically how much science was
enough, that is pretty much your question.

And the conclusions of that group were that there are certainly
several major goals for science: to maintain a basis for economic ac-
tivity, to help to defend the national security, emerging issues of
the environment, and, in some cases, to lead the world in impor-
tant social and cultural issues.

They concluded that it is going to be increasingly difficult for the
United States to lead in all fields and that thought had to be given
to which fields we absolutely felt it essential to lead such as those
involving economic development.

But the second category is in those fields where we could no
longer be the clear leader, to be good enough to recognize break-
throughs that happened anywhere else in the world. So, for exam-
ple, high temperature superconductivity was basically discovered in
Switzerland and the new breakthroughs had been shown there, but
our physicists and material scientists were close enough to the lead
that they could instantly recognize the breakthrough and move into
that area of work.

So as we try to answer that question, when can we stabilize after
these increases, I think we have to have goals of how many fields
do we really want to lead the world in and in how many other
fields are we content to follow, but to try to follow closely enough
to be able to recognize major breakthroughs.

I do not have a number in mind. It is just too far in the distance
to be able to see when we will be at a stable level.

Mr. MoLLOHAN. Well, we are looking for numbers here.

Mr. CICERONE. All right.

Mr. MoLLOHAN. I do not know. Maybe in terms of factors or
something and what does the recent funding in the stimulus pack-
age do for you and what is sustainable as you look forward and
how do you compare the increases, for example, at the National In-



19

stitutes of Health with regard to the increases in the accounts
under our jurisdiction?

Mr. CICERONE. There are certainly some lessons there that we
can try to learn about what happened after the National Institutes
of Health had a doubling of their budget and how they got into the
pickle now where they are oversubscribed again under level fund-
ing.

The success rate of investigators going through competitions for
grants is frightfully low. It is something like 18 percent right now.

Mr. MoLLOHAN. We would like to avoid that as we look to the
future and increased funding in these accounts.

Mr. CICERONE. My understanding is it is going to take a com-
bination of management at the agencies as well as thoughtful
budget foresight so that the number of long-term commitments
that are made with these new funds does not exceed the funding
that is likely to be in place for the next two, three, four years. That
is one issue.

But to try to get to a number of what we actually need, I would
look at the backlog that has developed in various fields, for exam-
ple, at the National Science Foundation and the other agencies of
how many proposals that had been submitted into these competi-
tions or given the highest marks and then not funded over the
years.

We understand that a lot of the stimulus funding is going to be
used to clear up some of the current year’s backlog and from them
to move back into a situation where maybe at least a third of the
funding proposals could be funded.

So that would suggest at NSF not only just a 50 percent increase
in the funding, but because the grant sizes have gotten so small,
we have people who do not even apply anymore because they can-
not get enough done with an NSF grant. So clearly at NSF the dou-
bling that has been requested by the Rising Above the Gathering
Storm report would be kind of a minimal baseline.

Where we go from there would depend on how much of a backlog
develops and the proposal pressure of highly competitive proposals,
some of which are facilities and equipment also.

Mr. MOLLOHAN. Mr. Wolf.

STEM GRANTS

Mr. WoLF. Thank you, Mr. Chairman.

I would hope that we could do much more than we are currently
doing. And Jim Cooper and I have a bill which tries to deal with
this whole spending entitlement issue where we put more in math
and science and physics and chemistry and biology.

And when I get on the train in Washington and take it to New
York, if you just close your book and look to the right and to the
left, the factories are in decay, the windows are broken, the graffiti
is all over, and we just do not seem to be making things anymore.

There is that sign over the bridge in Trenton that said Trenton
makes and the world takes. And Trenton does not make anything
anymore. Trenton is a city that has been impacted. It has gang
problems.

And I really think we are having a tough time. One of the rea-
sons, I think, is that young people are not as interested as they



20

used to be. I saw figures, and maybe you will have the answers,
showing that of the STEM grants last year, only 50 percent of
them were taken up.

Do you know if that is true or not?

Mr. CICERONE. No, sir, I do not.

Mr. WoLF. Can you check or maybe we can check.

Secondly, how many students do we have majoring in math and
science and physics and chemistry and biology compared to, say,
the Chinese and also India? Do you know that number?

[The information follows:]

Congressman Wolf asked about full utilization of STEM grant resources by stu-
dents. The funds are known as Academic Competitiveness and SMART grants, and
are overseen by the Department of Education.

Created by Congress in 2006, the Academic Competitiveness and SMART Grant
programs were designed to encourage students to take rigorous courses in high-
school and to major in science, technology, engineering, or mathematics (the STEM
fields), or a language deemed critical to national-security needs. Both programs
were identified by Congress as a supplement to Pell grants for eligible students.
Students must maintain at least a 3.0 GPA in college to be eligible.

In 2006/2007 $428M was given out of $790M available. In 07/08, $493M was given
out of $850M available. An overview of both programs and a table of state-by-state
student awards for each grant program can be found in the following PDF prepared
by the Department of Education: http:/ /www.ed.gov /programs/smart /results2007 /
national.pdf

It is likely that underutilization of SMART and Academic Competitiveness grants
was not due to disinterest. Instead, the above-listed report indicates a lack of knowl-
edge on the part of students and their parents about these resources. There is not
a separate application necessary for each of these grant programs, but one does
have to indicate on the FAFSA application about student eligibility. It is likely that
students (and their parents) are not aware of these relatively new grant programs
and do not understand what they are about or terms for eligibility.

The Department of Education has been criticized (see Chronicle of Higher Edu-
cation article—http:/ /chronicle.com/daily/2009/01/9471n.htm) for not exhibiting
more effort in publicizing these programs. Also, undergraduate colleges have reg-
istered complaints as to the difficulty of identifying and confirming student eligi-
bility for these awards. In other words, startup flaws in the system appear to be
working against strong program interest as well as institutional encouragement of
student participation in seeking awards.

I do not know what resources are designated in the 2009 budget for these pro-
grams or what has happened to unused funds from earlier years.

Again, the underutilization of these grant funds do not point to a lack of interest
in STEM careers, but instead to a lack of interest or understanding among students,
parents, and undergraduate institutions about these two grant programs. Program-
reporting regulations could be acting as a deterrent as well. The use of funds from
these programs has incrementally increased over the last two funding cycles, but
not at the speed which Members of the Congress would have hoped.

Mr. CiCERONE. I know that the fraction of our students who take
college degrees, who major in the sciences and math is, I believe,
it is about five percent. I can check that. And it is a fraction of that
in China and India. It is probably less than half of that.

[The information follows:]

ANSWERS: The total number of bachelor’s degrees (in all fields) awarded in
China has grown rapidly in recent years, and is roughly comparable to the number
awarded in the United States. Bachelor’s degrees in math, natural sciences (e.g.
physics. biology, chemistry), and engineering as a percentage of total degrees is
much higher in China (about 50%) than in the United States (about 15%). Thus,
China’s annual production of bachelor’s degrees in these fields is roughly 2.5 times
that of the United States (over 600,000 for China, under 250,000 for the United
States). Views differ with regard to the quality of those degrees. With no comparable
standardized testing, the anecdotal information from company leaders hiring in both
coEntries is that there is a significant quality gap between the U.S. and Chinese
cohorts.
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Reliable statistics on Indian higher education degrees are not available, given the
mix of public universities, private universities, and unaccredited private universities
all providing engineering degrees. Recent research on engineering and IT-relating
bachelor’s degrees indicates that for 2005-2006, U.S. production of such degrees
stood at about 129,000, with India’s production about 220,000, and China’s about
575,000.

With regard to foreign students in the U.S., in recent years, temporary foreign
residents have not constituted a high percentage of recipients of U.S. bachelor’s de-
grees in math, natural science, and engineering. U.S. citizens and permanent resi-
dents, who would be expected to stay in the United States after earning their de-
grees, made up 95% of degree recipients in those fields. In fields such as computer
science and engineering, the percentage of temporary foreign residents rises to 7 or
8 percent.

There are some interesting data on foreign students who receive Ph.D. degrees
in science and engineering in the U.S. These data generally show that 60% to 70%
of these new Ph.D. degree holders are still in the U.S. two to five years after receiv-
ing their degrees, and that students from China and India stay at above-average
rates.

Data and Sources:

United States data are for the year 2005. Total bachelor’s degrees: 1,437,200;
Total math, natural science, and engineering bachelor’s degrees: 235,619; Proportion
of math, natural science, and engineering bachelor’s degrees: 16%.

U.S. citizens and permanent residents earning math, natural science, and engi-
neering bachelor’s degrees: 223,255; Proportion of U.S. citizens and permanent resi-
dents among math, natural science, and engineering bachelor’s degrees: 95%
(though temporary residents earn up to 7% or 8% of engineering and computer
science bachelor’s degrees)

Stay Rates for Ph.D. degree holders: Computing Research Association
(www.cra.org) and S&T Indicators at NSF).

China data are for the year 2004. Total bachelor’s degrees: 1,196,290; Total math,
natural science, and engineering bachelor’s degrees: 610,705; Proportion of math,
natural science, and engineering bachelor’s degrees: 51%

India: Reliable statistics on Indian higher education degrees are not available (see
NSF S&E Indicators). Gereffi et al. have produced an estimate of “engineering”
bachelor’s degree production that includes computer science and other IT-related de-
grees with the following results for 2005-2006: United States, 129,000; India,
220,000; China, 575,000.

Notes:

a. Social and behavioral sciences excluded

b. U.S. and China figures are for first university degrees (ISCED 5A)

Sources: S&E Indicators 2008, Appendix Tables 2-28 and 2-38 htip://
www.nsf.gov | statistics [ seind08 [ c2 | c2s4.htm

Gary Gereffi, Vivek Wadhwa, Ben Rissing, and Ryan Ong. 2008. Getting the
Numbers Right: International Engineering Education in the United States, China,
and India. Journal of Engineering Education. January.

Mr. WOLF. In overall raw numbers, how do we compare? The rea-
son I ask, and I do not know if it is true, I saw that India and
China last year had 700,000 students in engineering. We had
70,000.

And then it went on to say that 40 percent of our students were
foreign students who were probably not going to stay here. And is
that figure accurate? And how long, if it is accurate, how long can
you kind of go on with those numbers?

Mr. CIiCERONE. The figure, I think, is probably exaggerated for
China and India because it includes people who are not taking, let
us say, as strong a degree as we would have in four years, but who
are getting much more practical technician type training, two and
three year programs.

I am not sure anybody has the exact number, but it is not grossly
exaggerated. I would say that is on the high side and it is growing
so fast that if it is not that big now, it will be soon.

Mr. WoLF. Could you see if you could get those numbers for the
Committee.
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I also saw that we have fewer physicists, Ph.D. physicists in the
country today than we had in 1956 before Sputnik. Is that accu-
rate?

Mr. CiCERONE. These figures have all come out since the Gath-
ering Storm report.

Mr. WoLF. Are they accurate though? Is that an accurate figure?

Mr. CICERONE. It is approximate, but I think we actually— that
number also has been criticized in the last year with some evidence
that we have a few more physicists now than we did in the mid
1950s, but not a lot.

Mr. WoLF. Well, if you can correct the numbers, but also just a
few more would sort of be a failure because the population in the
country today versus then is fairly dramatic.

What do you think we should do to have young people get inter-
ested? What age do you believe do we lose them? You very seldom
hear somebody who goes to the University of California, University
of Virginia, majors in history and then in their sophomore year
transfers into biophysics.

[The information follows:]

Before listing any numbers about physicists in the United States now and in
1959, please note that the total population of the U.S. has increased by about 70%
in those 50 years.

The number of physicists is only an estimate, because many physicists take jobs
not identified as a “physics position,” and in other cases, people who do not have
degrees in physics may fill positions labeled as such. That said, the American Insti-
tute of Physics (AIP) has a membership (combined number from its constituent soci-
eties) of about 125,000 at last count. That number includes people with physics de-
grees at the BS, MS, and PhD levels. It is known that about 27% of people awarded
the BS degree in physics go on to get a PhD. Of those 34,000 PhDs awarded over
the years, only about 40% are in teaching or university research positions in phys-
ics. That number of 14,000 active PhD physicists is the same as the number cited
in the Department of Labor Bureau of Labor Statistics. According to the AIP, there
are 9,150 tenured or tenure-track university positions in physics in 2006 (contract
with 8,450 in 1996); the remainder of the 14,000 are in non-tenure-track positions.

The number of Ph.D. degrees awarded annually in physics in the United States
was in the range of 500-600 around the time of Sputnik. In recent decades, the
number has fluctuated in the 1,100-1,500 range. However, the proportion of bach-
elor’s degrees in physics to total degrees awarded was twice as high in the year be-
fore Sputnik as in 2004.

Physics Ph.D.s awarded—Sourc: American Institute of Physics htip://
www.aip.org [ statistics [trends [ highlite [ ed / figure13.htm

Physics Bachelor’s Degrees as a Percentage of the Total—Source: APS News, Au-

gust/September 2007 hitp:/ www.aps.org [ publications [ apsnews /200708 /
physicsbachelors.cfm

Mr. CICERONE. That is right.

Mr. WoLF. Usually they go into engineering or math or science
and then into business or something else. I am not saying nobody
ever does it, but there are probably not a lot of people.

What age do you believe we lose them? Is it fifth grade, third
grade? Have there been any studies showing that?

Mr. CICERONE. It seems every time someone looks, it seems to be
earlier and earlier. That is, the children seem to have a lot of curi-
osity, interest, and excitement about nature and science when they
are young and as they get older, it seems that whatever we are
doing to them, we are losing more.

But I think the biggest break point is probably seventh grade or
eighth grade. It has to do with Algebra, the teaching of Algebra,
and the way children respond to Algebra word problems and then
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Algebra I and Algebra II. We seem to lose an enormous number of
children there. They develop some kind of an antipathy toward
science and math and it is hard to get them back after that.

Mr. WoOLF. Is the Academy looking at anything? How do you
maintain and keep people? You are?

Mr. CICERONE. Yes.

Mr. WoLF. Could you share with us what?

Mr. CICERONE. Mostly I would say these are local programs all
around the country who are working towards increasing the flow
of students through high school into college science technology and
math programs. And they find the same experience. For example,
if the child is excited about biology.

I remember a lot of programs in California I worked with, we
found that the failure rate had to do with first and second year
chemistry, among the students who wanted to be biologists. And
that failure in turn was based on the calculus and physical chem-
istry which in turn revealed a weakness all the way back to that
seventh and eighth grade Algebra.

So getting the math skills strong through high school has been
identified as one of the keys because with strong math skills, then
these young men and women can go on to do almost anything,
whether it is engineering or whether it is economics or physics.

So a lot of focus has been on working on the math skills. The
other focus is to have teachers who are comfortable doing experi-
ments with children which really bring out the curiosity and that
is where so much emphasis, as I think you know, Mr. Wolf, has fo-
cused on equipping teachers and finding new teachers who are
really comfortable in the content matter, that is who are not just
generalists, but who have, if they are going to teach physics, a de-
cent background in physics, if they are going to teach biology, a de-
cent background in biology.

But we have a long way to go. I think in California, two-thirds
of the high school biology teachers do not have a degree in biology
just as an example. So we have a long way to go.

Mr. WoLF. Last question.

Mr. CICERONE. More weaknesses than we do the solutions.

Mr. WoLF. Well, then that leads to the last question and it is a
difficult question. But since you do not work for the Administra-
tion, you can be very candid and tell us what you really believe.
And I think you would carry a lot of weight.

If you had to look at where we are on math and science and
physics, chemistry and biology and all of these and the nation with
regard to science, would you say that we are doing very well, would
you say that we are holding steady, or would you say that we are
in decline?

Think carefully because I think——

Mr. CICERONE. I would say we are in decline, but it is split. Our
top end students can and do compete with the best anywhere. Our
weakness is with a great bulk of the population who are not attain-
ing a minimal level of understanding. So if we are content with a
country based on the achievements of the highest few, we can hold
steady. But we are not educating the great bulk of our students
well enough.
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So when you go to our really top schools and see what the stu-
dents are doing, they are doing wonderful things and better all the
time and they can compete with anybody. There just are not
enough of them and that is why we depend so much still on foreign
students coming here because we are not producing enough engi-
neers, we are not producing enough scientists, but our best stu-
dents are as good as anywhere in the world, if not better. There
just are not enough of them. We are not doing enough with our en-
tire population, so that is why I would say we are in decline.

Mr. WoLF. Okay. Thank you for your time.

Thank you, Mr. Chairman.

SCIENCE EDUCATION

Mr. MOLLOHAN. You are not doing enough farming to identify
and nurturing? A lot of the population is being lost in the schools?

Mr. CICERONE. Yes, sir.

Mr. MOLLOHAN. We are just not producing the students?

Mr. CICERONE. Yes, sir. Our best continue to hold their own with
anybody, but we are not bringing along the rest of the people
enough.

Mr. MOLLOHAN. Mr. Honda.

Mr. HONDA. Thank you, Mr. Chairman, and welcome.

Just to pursue the line of questioning that Mr. Wolf had asked,
in your opinion then, we are talking about changes in the field of
education and the funding and support.

Given the recent infusion of revenue and the direction that we
are going in and the areas that we are concentrating on now,
where are those differences compared to the last few years and is
it more or less in terms of funding and support in those areas that
relate to research and science and technology?

Mr. CiCERONE. Do you mean, sir, with reference to the stimulus
accounts?

Mr. HONDA. Whatever revenues we are looking at now, whether
it is stimulus or the current Omnibus bills that we are looking at,
the type of support and the amount of support in the areas that
are necessary.

Mr. CICERONE. Probably the most dramatic change has been in
the general field of research and development in energy. Our fed-
eral expenditures for energy R and D stagnated over the last 30
y}el:arsdaéld probably went down in constant dollars. I am pretty sure
they did.

And this stimulus bill that has just been approved has a great
deal of emphasis on energy. That is probably the most outstanding
example of change overnight where we really have not done any-
where near what is necessary on energy research in this country.

Since the oil shocks of 1973, 1974, and 1979, and a little bit of
work around 1980, things have just gone downhill until this past
year.

Mr. HoNDA. In terms of educational policy, preschool to post-
graduate, and looking at creating an inclusionary kind of a policy
so that we expect all youngsters to be able to understand math and
science as individual citizens, not necessarily to be scientists, but
to be thoughtful and critical consumers, how would you address
and where would you make those changes in terms of making those
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ki?nds of shifts in the way we are doing things or do we need to do
it?

Mr. CICERONE. Probably every one of us has their own ideas.

First of all, a disadvantage we have is we do not have a national
system of K through 12 education. It is all controlled locally so that
even those of you with tremendous responsibility for the federal
government cannot do everything for K through 12 education, but
you can set examples and that those of us who have seen progress
with our children, our own communities always have stories to tell
about exemplary people who come forward and can work with chil-
dren on their own terms, showing them interesting curiosities,
ways to make a career, practical issues like how you can live your
life better by understanding how this works or knowing how to do
these kinds of calculations.

There does not seem to be any substitute yet for individual atten-
tion to children. So we continue to depend enormously on the
teachers and, of course, the family home life. I wish I could be more
insightful than that, but I think that is the answer.

Mr. HONDA. So individual attention that is consistent across the
country on instruction and how we address these areas is some-
thing that would or should be looked at?

Mr. CICERONE. With examples from successful people who the
children have heard of.

Mr. HoNDA. Okay. And that is different from standardized as-
sessment.

Mr. CicERONE. Well, we have to have some kind of assessment,
though, to know whether we are just feeling good or whether we
are actually achieving anything.

Mr. HoNDA. But if we have standardized assessment with an in-
consistent feel of treatment, then the assessment is always going
to be not where you want it. Is that accurate? So our focus should
be really on trying to figure out how we address across the country
consistent curricula and instructional activities to the child, indi-
vidual child is what I hear.

Mr. CICERONE. Yes. But some kind of nationalized standards are
also necessary so that we do not kid ourselves in our own commu-
nities that we are like a little bit better than average.

Mr. HONDA. But this national treatment and approach to each
youngster, that is going to be important, I mean that we are con-
sistent across the board. And I guess we call it equity of instruction
and resources. Rather than trying to victimize a victim, we have
set them up so that we need to really provide the wherewithal for
them to all be able to meet their potential.

Mr. CICERONE. Of course.

Mr. HoNDA. Okay. Thank you.

Do I have a little bit more time, Mr. Chairman?

Mr. MOLLOHAN. Your first round is up.

Mr. HONDA. Yes, sir.

Mr. MOLLOHAN. You will get a second one.

Mr. Bonner.

Mr. BONNER. Thank you, Mr. Chairman.

Doctor, I would like to go back to a question that Mr. Wolf posed
and try to get you to enlighten us or at least enlighten this mem-
ber.
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He asked a question that I was going to ask, and that is what
we are doing to try to reach down to the right age and the right
grade to capture the minds of young people to develop future sci-
entists.

Can you tell us what country or countries should be the example
because it seems to me that the teaching of math or science or
physics or chemistry, that the subject would be the same even if
it is in a different language in China or in Japan or wherever, but
obviously some other countries are doing a better job than we are?
Which ones should we look to?

Mr. CICERONE. Other countries are doing a better job of creating
a floor level where nobody falls below. I do not think they are doing
a better job at the high end. In fact, there is some evidence that
if it is just teaching things to be remembered and kind of wrote
learning, other countries do better than us. But on reasoning skills
and thinking skills, there is a lot of evidence that we still do as
well as we should.

I think the real challenge is for us to work against our own best
selves, that is we know we can do better. And these comparisons
with other countries can always be criticized.

For example, I just saw an article in Science Magazine last week
that showed me that on reasoning skills and any number of tests,
American students across the board are doing as well as many of
their international counterparts. They are just not mastering as
much material. They are not working as hard.

But in terms of creativity, the reasoning skills are very, very im-
portant. So I am not willing to say that we are failing against all
other countries. I think we have to focus on just lifting ourselves
and as perhaps Representative Honda mentioned working with the
potential of every child rather than trying to compare ourselves to
Finland or Japan or Germany. There is a lot of disagreement on
that point.

Mr. BONNER. Well, my hometown of Mobile is the host of the
State School for Math and Science, High School for Math and
Science for our entire State of Alabama. I am very supportive of
their efforts. I have actually sought earmarks for them.

I guess the question, I am not going to ask you to say what are
the top two or three schools for math and science in the nation, but
when they come to me asking for help for computer technology or
a new library, what should the very best schools that are training
future scientists and mathematicians, should they be looking to
make sure as a part of their curriculum so that they could one day
be considered one of the best?

Mr. CICERONE. So it sounds like that school identifies perhaps
the children who have some kind of a gift or extra curiosity. There
are few of these around the country and they are remarkable. And
to provide opportunities for students like that is just absolutely es-
sential because we just cannot ignore them.

I would focus on the teachers. All the evidence is the quality of
the teacher is the most important thing, the ability of the teacher
to lead the children and to respond to unusual questions from chil-
dren in a reasoning way rather than trying to give them flat out
yes or no answers, but to lead them through deeper and deeper
considerations and better and better experiments.
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So that falls on the teacher. I would focus on the teacher. And
if the teachers say they need those kinds of equipment, I would lis-
ten to them.

SCIENCE FUNDING

Mr. BONNER. And I guess my last question is this, that clearly
this Subcommittee and many members of Congress do support in-
creasing the funding for human sciences and, yet, everywhere we
turn, the American people have a great angst about what is going
on with their country. I mean, the stock market has certainly taken
a tumble the last several weeks. People have seen their savings
disappear. Costs go up, perhaps taxes going up.

So I think a fair question on behalf of the American taxpayer is,
and the Chairman alluded to it in his question, but to not pin you
down to a specific number, what can we tell the American tax-
payers that the benefits of increased support for the sciences will
get them, because there are two things that I think most people be-
lieve we will never see and that is peace in the Middle East and
a cure for cancer? And, yet, science may not provide the first. It
certainly could play a role in providing the second.

I guess my question is, what is the last most significant break-
through in the sciences that we could tell the people back in my
district or any other district in America that is so significant that
it was worth the investment of more of their hard earned tax dol-
lars?

Mr. CICERONE. We have a whole string of those. I am not sure
I could say the last one chronologically, but all around us, we have
the benefits of this research like the global positioning system and
everything it has done for our safety and traffic routing.

And it all came out of discoveries that had nothing to do with
the final product. People in laboratories were working with lasers
and masers and timing devices, all of which turned out to be essen-
tial for the global positioning system.

Going back a few years before that, these clunky devices that
were individual transistors about as big as this microphone. When
they were invented at Bell Laboratories and other places, nobody
foresaw that they could be shrunk and made faster and embodied
in automobiles to get better fuel efficiency and in biomedical de-
vices to not only record data but to detect any unusual behavior
with the biomedical sensing device.

The nuclear magnetic resonance devices that give us NMR
diagnostics now in medicine not only for sports injuries but for im-
aging of various organs and circulatory system and brain function,
none of these were invented. That is, they were done because re-
search was getting done and students asked questions and their
supervisors asked them questions about how things work. And then
some entrepreneurial person came forward and said, you know, I
could make something useful out of that.

So we have a whole string of these discoveries and, yet, it is hard
to fit this into an elevator when somebody asks you why are you
supporting all this extra spending at a time like this. It is very
hard for us to predict what is going to happen six months from
now.
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But I think our reasons for science have even expanded beyond
what they were 15 years ago where we were focusing on military
strength and economic strength in the post Cold War world. Now
we know that we have national security issues developing out of
climate change. We have some world leadership issues that people
are looking to the United States because of the fondness they have
for us and they like to see us leading.

We know that some of our science serves that purpose from a
diplomatic point of view. But, once again, it is hard to say to some-
body your tax bill just went up because we want to support more
science. I feel that way myself, but I am happy to pay the taxes.

Mr. BONNER. Thank you, Mr. Chairman.

Mr. MOLLOHAN. Thank you.

Mr. Schiff.

ENERGY RESEARCH

Mr. ScHIFF. Thank you, Mr. Chairman.

Doctor, I wanted to follow-up on your comments regarding energy
which I was delighted to hear. I think we did make a very impor-
tant and sizeable investment in energy research in the stimulus
bill.

Just a few days ago, I visited a brilliant constituent of mine
named Bill Gross who runs Idea Lab in Pasadena, which is a high-
tech incubator. And one of the solar companies that has spun off
from Idea Lab will be completing in May a solar power plant in
Lancaster, California that for the first time will produce energy,
will produce electricity from solar power at a price cheaper than
deriving it from natural gas.

They use a combination of affixing the solar panels on to units
that track the sun to maximize the efficiency as well as mirrors to
concentrate the sunlight and not have to go to so much expense in
the production of the panels.

So this will bring the price point down below natural gas, which
is remarkable. It is hard for me to see how if that can be done this
will not take off like a rocket.

So I am very optimistic. I think we are on the cusp of a paradigm
shift in energy, but how quickly that happens, I think, will depend
also on how sensibly we incentivize and encourage that to continue
and develop new science in this area and as well as encourage the
transition of that science into technology and industry.

So what I want to ask you is, what are your thoughts on what
is the next step that we should be taking? We put a lot of funding
in the stimulus bill. What steps can we take to further our work,
the development of good science and technology in the field of en-
ergy?

Mr. CICERONE. If I am not mistaken, the development you are
talking about near Lancaster is actually focusing the sunlight to
use the heat to make electricity on a fluid rather than the conver-
sion directly into electricity.

Mr. ScHIFF. Right.

Mr. CICERONE. And it is turning out to be remarkably successful
without even using a lot of great new basic science, but a lot of
small improvements focused into one. It is fantastic.
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Well, as you know from California’s history with electricity, the
fact that Californians only use about 60 percent as much electricity
per capita as the rest of the country does, it has taken a lot of work
in California not only in science and technology but in public pol-
icy.

The pricing strategies whereby the utilities have been given in-
centive to provide energy services along with just raw electricity,
the pricing strategies that allow the companies to charge more at
times of peak usage have encouraged conservation which then save
capital funds to help to keep the cost down. All of these things have
to be done in tandem.

But the challenge in front of us is huge. We are working on a
set of reports right now which I am hopeful is going to help, it is
called America’s Energy Future, where we are looking at, this at
the Academy, where are we getting our energy now, how much
does it cost in each case, what are the prospects in the next few
years, including efficiency improvements, and then trying to iden-
tify the barriers towards further improvement.

And the barriers turn out to be a combination of science, tech-
nology, public policy, incentives, as you said. So we have a chal-
lenge to work together over a period of years to get all this done
for a wider adoption of solar and wind energy and even nuclear. It
is not going to be easy, but the incentives are huge.

The strategic challenge is probably to create fleets of electric
drive vehicles that can run off of the electricity generated from re-
newable and nuclear sources as opposed to using petroleum. That
would accomplish a great deal for this country, but it is a strategic
challenge because right now if you had the electricity, you do not
have the cars. So it is going to have to go hand in hand.

ORBITING CARBON OBSERVATORY

Mr. ScHIFF. I look forward to that report.

Let me ask you one other very quick question if I could. The Or-
biting Carbon Observatory, a lot of the research on climate change
and in particular on this project comes out of the Jet Propulsion
Lab, my neck of the woods. As you know, the launcher failed to
place that mission in orbit. This is a heartbreak for all of us.

As you look at our climate change research portfolio, do you see
the data that this would have gathered as irreplaceable? Should we
build another satellite to take its place? What do you recommend?

Mr. CicERONE. Well, that mission, it is just a tragedy that it
failed. I think it was February 23rd, because we were expecting
several kinds of information from it. The only instrument like it is
one that the Japanese just launched in December or January. And
I am not sure which instrument would have turned out to be bet-
ter. They are somewhat different.

But the Orbiting Carbon Observatory was supposed to do at least
two things. One is to track the carbon dioxide ebbs and flows and
the bulges here and there that come out of both natural sources of
carbon dioxide as well as industrial ones, and then also see the
deficits, that is where is the carbon dioxide disappearing into the
world’s green things and the oceans to be able to do a better ac-
counting for scientific purposes so we can make better predictions
of future climate change.
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The other thing that that satellite possibly could have done is
contributed to the United States’ ability to monitor any new inter-
national agreements that might be reached in the future. That is,
if the countries of the world sign up and say I am doing X, Y, and
Z, what would be our ability to independently monitor whether
country X is doing what it is supposed to be doing and whether or
not the agreements are being effective.

We were hopeful that OCO as it was called would give us some
national ability which in turn could be shared with other countries
to monitor international agreements, but we will never know now.

So I think a strong case can be made that that instrument
should be rebuilt and launched as quickly as possible. Usually pro-
ducing the follow-on version of an original instrument, the proto-
type, is cheaper than the first one, but I do not know the details
on this one.

It was really the creation of the Jet Propulsion Laboratory and
people out there would have to give the answers.

Mr. ScHIFF. Thank you, Mr. Chairman.

SATELLITES

Mr. CICERONE. On that line, I think of the 20 satellite instru-
ments we have looking at the earth right now, 19 of them are
passed their lifetime. We expect to see these instruments going
dead and if not falling out of the sky and that includes some
weather satellites that we all depend on every day as well as these
longer term issues. We have a real problem with our fleet of sat-
ellites.

Mr. ScHIFF. Thank you, Mr. Chairman.

Mr. MOLLOHAN. You have 19 reaching or already beyond——

Mr. CICERONE. I think it was at the close of 2008, it was either
19 out of 20 or 20 out of 21 satellite borne instruments looking at
the earth have gone past their predicted lifetime. They are not
fresh anymore.

In some cases, it is pretty black and white, clear cut. That is, if
an instrument had a certain amount of cryogenic fluid on board be-
cause it had to cool the detectors, we knew how fast that would
evaporate and we knew that the lifetime, that would be it.

In other cases, the instruments are continuing to perc along.
They are not dependent on, you know, a certain amount of fluid
and they will keep working. We do not know how long.

Mr. MOLLOHAN. Mr. Culberson.

SCIENCE FUNDING

Mr. CULBERSON. Thank you, Mr. Chairman.

Dr. Cicerone, I cannot tell you how much I admire the National
Academy of Sciences, National Science Foundation. The work that
you do is so important. And for the future prosperity of the nation,
thrilled to be a part of this Subcommittee and work with the Chair-
man, members who are all equally committed to supporting the
National Science Foundation and your work. It really is a privilege
to work with you guys on this.

I am particularly and wanted to focus, Dr. Cicerone, on how the
Congress funds the sciences and what your recommendations
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would be in order to give greater stability and predictability to
science funding.

It is my impression after serving on the Committee for a number
of years and following the work of science grants and I have been
a subscriber of the Journal of Nature and Science for about 20
years and try to read as much as I can. I am an amateur astron-
omer, very passionate about the space program and funding the
sciences.

Mr. Wolf’s question is so important and to have you testify that
in your opinion we are in decline, and I think that is self-evident
to all us, profoundly disturbing.

The National Academy of Sciences chartered in 1863 to advise
Congress.

Do you have any thoughts or recommendations, number one, so
we give you an open-ended opportunity to tell us? What in your
opinion could we do or should we be thinking about doing to re-
structure the way that the Congress appropriates funding for the
National Science Foundation, NIST, the National Institutes of
Health?

But let us start first with NSF because bouncing around from
year to year is terribly destructive and damaging to the ability of
undergraduates, for you to attract graduate students, for example,
to stay in these grant programs.

What do you recommend that we need to do to give more sta-
bility and predictability to science funding year after year?

Mr. CicERONE. Well, you have already said some very important
things and that is the commitment to the goals and to help people,
including your own constituents, understand how important these
goals are.

The National Science Foundation is perhaps one of the jewels of
the world and you can see it the way other countries are always
trying to imitate it.

The NSF standards are seen as the goal standard in terms of
competition. The competition for NSF funding is extreme, some-
times brutal.

Mr. CULBERSON. Yes, sir.

Mr. CICERONE. The success rates when people send their best
work to the National Science Foundation and seek funding, the
success rates are now about 22 percent. And it is kind of like an
unemployment statistic. When the unemployment figures go up,
you know that you have got problems because a lot of people have
dropped out and are not even applying anymore.

Mr. CULBERSON. Right.

Mr. CicERONE. We have got problems like that at NSF now that
people are not even sending in applications because they are so dis-
couraged.

Mr. CULBERSON. Well, they do not know what next year’s num-
bers are going to look like.

And looking at other countries based on your experience over the
years, do you have any recommendations today that you could talk
to us verbally about and then follow-up with a written response?
Very important.

What should Congress do to change the way we fund the sciences
to ensure great stability, predictability, a steady growth over a
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number of years to give those scientists in the field the assurance
that their grant is not going to be jerked out from underneath of
them in the second or third year?

[The information follows:]

To produce and maintain a strong core of scientist and engineer researchers in
the United States, we must teach and encourage young men and women who are
now in our K-12 schools and in colleges and then provide support for their counter-
parts who are in graduate schools and those with new doctoral degrees. A great
start would be to implement fully the recommendations in our 2007 report Rising
Above the Gathering Storm: stronger investment in cutting-edge research, fostering
a new generation of dedicated researchers, building a K-12 education with a strong
STEM element, improving the environment for business innovation in science and
technology areas.

The US research universities are still the best in the world, the most innovative
in both research and the innovativeness of the people produced. The gap between
us and other parts of the world is narrowing. We were preeminent; we are not prob-
ably best among equals. We must increase and maintain our commitment to devel-
oping and supporting talented people. Students can sense opportunities and also the
lack of opportunities, partly by watching older, more experienced people in their
own fields of interest. When students see accomplished and motivated older re-
searchers who are not able to obtain research funding, the younger students can get
discouraged.

A key issue in science funding is that the competitive grants programs at NSF
and NASA, for example, must be robust enough and stable enough to offer opportu-
nities for truly worthy proposal requests to be funded. Now, the fraction of success-
ful applications is only 22 or 23% at NSF and the grant sizes are too small to sup-
port even modest-sized projects. In fact, some researchers do not even apply any
more because of these low chances for success and small grant sizes. At the NIH,
grant sizes are much larger but success rates are even lower, perhaps 19%. My opin-
ion is that success rates must reach at least 33 to 35% and that grants must be
at least twice as large as they are now, and that competitive grants for major pieces
of scientific equipment are also needed.

We need ways to establish believable, stable career opportunities for young sci-
entists in areas of critical national need (as NIH has done for biomedicine) as the
only way to build a best-of-class technical workforce in these areas. The US is the
unquestioned world leader in biomedical research. As we increase such research
funding, however, we must avoid bust-to-boom-to-bust cycles. Management of the al-
location of funds in coordination with management of anticipated budgets is re-
quired; lessons from recent increases at NIH followed by periods of stagnation and
cuts can offer lessons.

Broader goals are to re-energize longer-term, truly innovative research (more em-
phasis on truly innovative ideas, longer grants, critical mass in funding) to con-
tribute to job creation and solutions to national problems. Peer review has served
America very well in science funding but many reviewers are too reluctant to sup-
port researchers whose goals are large; reviewers often favor incremental progress.

Similarly, it is essential to develop financial/career incentives to attract good sci-
entists/engineers (especially women and minorities) into K—12/college teaching as
the fastest way to increase the quality of teachers, and now is a great time to do
it since there are talented, committed people without choice jobs.

Mr. CiCERONE. Well, a few of you are in such leadership positions
that I am sure that you do a great job in making the case and, yet,
I think it would help if the public, more of the public understood
why you were doing that.

So in the case of NSF, the reason it is so special is that the NSF
does not have the kind of mission, say, that NOAA does where
NOAA has to run the weather service and the fisheries service
which in turn are very important.

NSF was created basically to respond to the scientific and engi-
neering community when people had good ideas which did not yet
fit into one of the national missions like fisheries or the weather
service. So NSF is kind of the bright spot.
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Mr. CULBERSON. Yes, sir. I understand. Forgive me. We have got
such a brief time.

Mr. CICERONE. Sorry.

Mr. CULBERSON. And I will follow-up. You are very kind, Mr.
Chairman. Thank you.

I am really driving at and what I am trying to get you to help
us do is give us your best ideas on how, I mean, really restructure.

Personally in my opinion, we ought to have an independent
board of scientists that recommend a budget number to us, Mr.
Chairman, that is independent of the President’s budget no matter
who the President is and that we fund that level of science based
on the best advice of the best experts in the field and we get poli-
tics out of the way and let the peer reviewed competitive grant
process drive the work.

Please tell us what your best recommendation is on how in your
opinion we should change the way we fund science in the future
so that it is more stable, predictable, and we have a growth curve
that will give the assurance to the scientific community and the
world that the Chinese are not going to produce ten engineers to
every or ten engineers or scientists to every one of ours.

Mr. MOLLOHAN. Along those lines, if the gentleman will yield.

Mr. CULBERSON. Yes. Please, Mr. Chairman.

Mr. MOLLOHAN. In your closing remarks, you indicate let us hope
and resolve to make these new levels, referencing the stimulus, a
baseline for further advancement.

STIMULUS PACKAGE FUNDING

Mr. CicERONE. Well, the reason I say that is I am thinking
ahead now to what Representative Culberson was just hinting at.
If you put together a group of people whose judgment was strong
and that you trusted, what they would be looking at is what kind
of demand, what kind of capability do we have.

So the stimulus package is going largely into meeting the un-
funded top proposals that were ranked in the top line by NSF and
the other agencies just in the past couple of years.

You want to at least meet that level, and then the question is,
can it continue and what is the mix of equipments and facilities
and computers and people in the future. One way to keep track of
that is the influx of highly competitive proposals.

Now, at NSF, far too small a fraction of those are being funded
and the size of the grants that are being given out is far too small.
They have fallen far down from historic levels that could have been
maintained and should have been maintained.

I also read Science and Nature every week and the last issue I
looked at from the week before last, the first nine papers were
from—eight of them were from foreign countries and the ninth one
had an American collaborator on it. That is what we are looking
at in the physical sciences and engineering. We are in decline com-
petitively.

We probably cannot afford to be the best in all fields. We are
going to have to decide which fields we really have to be the best
at and go for those and then the other fields be good enough to rec-
ognize breakthroughs elsewhere.
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So the way to measure that would be to get these success rates
back up at NIH and NSF, back up maybe to the one-third level at
least.

Mr. CULBERSON. Well, let me say in conclusion, the Chairman
has been very generous with his time. I would like to work with
you, Mr. Chairman, and members of the Subcommittee to find a
way to make that $3 billion one-time shot in the arm a permanent
increase in the baseline for NSF and then really think creatively
outside the box about what do we do to ensure that we do not
bounce around like this in years to come because that is one of the
most destructive, certainly, would you not agree, it is destructive
and damaging to the grants that you award for the numbers to,
funding levels to bounce around from year to year without any pre-
dictability or stability?

Mr. CICERONE. It is. And that creates the kind of management
and leadership issue that you were talking about, how you can
have the people in charge of the agencies working with the budget
people to smooth things out instead of going through these boom
and bust cycles.

Mr. CULBERSON. I have really appreciated your time, Mr. Chair-
man.

And I also want to say, Dr. Cicerone, we have not met before,
but, and my colleagues know this, I am pleased to say I just earned
another hundred percent perfect conservative rating from the
American Conservative Union and my starting answer is no to al-
most all appropriations requests unless it is for the National
Science Foundation, the NIH, or NASA.

Mr. CICERONE. Yes, sir.

Mr. CULBERSON. Your success, the success of America is contin-
gent on the success of the National Science Foundation I am con-
vinced.

Thank you, Mr. Chairman.

AMERICA COMPETES’ AGENDA

Mr. MOLLOHAN. I thank the gentleman.

Following up a little bit on Mr. Culberson’s line of questioning,
NSF, NIST, DOE Office of Science, do you feel that beyond these
agencies, do other agencies need significant increases? Should other
agencies be a part of the America Competes’ agenda? And, if not,
why not? And if you could just discuss that.

Mr. CICERONE. I think there are the same kinds of needs else-
where. For example, at the U.S. Department of Agriculture. There
are emerging issues of food security, possibilities in plant biology
butted up against the realities of climate change that are going to
require more research than USDA has ever done. And I think a lot
of it is going to have to be done more competitively than they have
done before.

It is going to have to involve research institutes and universities
all over the country and not just at the agriculturally favored
places.

NASA, did you mention NASA, Mr. Chairman?

Mr. MoLLOHAN. Well, NASA and NOAA are under our jurisdic-
tion. It is very interesting actually when we think about it in the
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context of climate change—the Department of Agriculture. I mean,
I can see where they are very huge players in that arena.

But we are obviously particularly interested in NASA and NOAA
in regard to that question.

Mr. CICERONE. And in the National Institutes of Health, there
are a lot of indicators now that the capabilities that could be ex-
ploited are out there for the taking. We have got to encourage not
only the young people but the established researchers who have
been working for a long time to stay involved.

And they are running up against funding difficulties now. Their
success rates have lowered. The avenues they have to explore not
only in basic biology but in a number of disease related specific
issues are larger than the finances can provide for.

The Department of Energy with its new leadership of Steven
g}}u, I think, is capable of doing a lot more than it has ever done

efore.

Mr. MoLLOHAN. Well, let me ask you.

Mr. CICERONE. And on the NASA side, they have more missions
now than they did 40 years ago. NASA seems to be trying to do
too many missions without enough funding. And the missions that
have developed, I will give you two kind of polar opposites in the
last 20 or 30 years.

NASA has become a force in our whole research and higher edu-
cation infrastructure around this country that I am not sure the
NASA Administration understands how important the graduate
students and postdoctoral people supported by NASA have become
in this country.

And it is not just about manned exploration. In fact, I am not
so sure that the American public wants to stick with a decade or
3 multi-decadal commitment to manned exploration. Maybe they

0.

But NASA’s importance in astrophysics and astronomy is just
fantastic these days. In earth observing and in climate change, so
much of what we have learned about sea level rise properly aver-
aged over the whole earth, not just one ocean basin, but now prop-
erly averaged, the observation of global precipitation, what is hap-
pening to the ice cover and the ice amounts, the mass, the hori-
zontal extent, the thickness of the ice over the Arctic and Antarctic
would not have happened without those satellites.

So these are all kind of new missions for NASA that have not
been provided for.

Mr. MOLLOHAN. Well, it sounds to me like you are making an ar-
gument for NASA being treated as is NSF or NIST or the DOE Of-
fice of Science with regard to our competitiveness agenda that
NASA science

Mr. CICERONE. I think so.

Mr. MOLLOHAN [continuing]. Should be in the doubling and we
should be in the business of trying to double NASA science as well
as the other agencies.

Mr. CIiCERONE. I think so. Frankly, I think it was an omission
of our report Rising Above the Gathering Storm. We did not talk
enough about NASA and NIST in that report nor even the Depart-
ment of Defense basic research was not given enough play in that
report. That report was written awfully quickly.
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But if you look at the impact on the American research enter-
prise, NASA is right in there.

Mr. MoLLOHAN. Well, pointedly, is it your testimony that you
think that NASA science ought to be treated the same as those
agencies that are enjoying a doubling agenda?

Mr. CICERONE. I think that NASA science should, yes. But the
NASA science is not that large a part of the whole budget. So per-
haps it is doable.

Mr. MOLLOHAN. I am not asking whether it is doable necessarily.
I mean, that is another question. I am asking what is your opinion
about what should happen.

Mr. CICERONE. I am just trying to distinguish between the entire
NASA budget and the NASA science where I think you can make
a case that it is just as important to the country as these other
agencies.

Mr. MOLLOHAN. Do you make that case here today?

Mr. CICERONE. Yes.

Mr. MOLLOHAN. Okay. Thank you.

What about NOAA in those same terms?

Mr. CicERONE. NOAA has much less to do with universities than
some of the other agencies and, yet, what NOAA does is essential
on the climate and weather side and the fisheries side. They actu-
ally provide services on which a lot of our commerce depends and
it has to be done with first rate science. They have some amazing
laboratories internal to NOAA.

The impact on universities is not as evident except that it is
places for people to go after they have finished at universities who
then serve the rest of us. So I am very, very high on NOAA. I hope
that the new administrator is confirmed quickly because she is dy-
namite. She has very high standards. You want to be on her side.
She gets things done.

Mr. MOLLOHAN. Are there accounts within NOAA that you think
should be treated in the same way and with the same goals as NSF
and NIST with regard to a doubling of the funding?

CLIMATE CHANGE

Mr. CICERONE. I think the fleet of observing satellites for weath-
er and climate is in real trouble with NOAA. That needs some
quick attention and some serious attention. And there fortunately,
I think most people understand how important they are because
they see their TV shows about weather and they can figure out
that it is coming from the National Weather Service and NOAA.

On the climate side, it is even worse. We do not even have an
appropriate national strategy for monitoring climate. We have been
doing it a piece at a time. And the faster things change and the
more we have learned, we really need a strategy more than ever
and NOAA should be in the center of that observing the oceans.
And the problem with ocean acidification as part of climate change
has not even been taken into account yet.

Mr. MOLLOHAN. My sense is that this Administration is begin-
ning to give a lot of attention to climate, to climate study, climate
change, and that NOAA is at the center of that as you just men-
tioned.
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Can you tell us what you know about what is going on in the sci-
entific community, what their attitudes are with regard to climate
change, what responsibilities NOAA should be assuming with re-
gard to that, and talk about it also in terms of funding?

Mr. CICERONE. We assume a mixed portfolio which has been the
case in this country for climate work over the years. The National
Science Foundation, NASA, and NOAA and to some extent the De-
partment of Energy have been the leaders with contributions from
places like Agriculture, Interior, but the four big ones have been
NASA, NOAA, NSF, and Department of Energy.

And it has always been assumed that they work together. Each
one of them brings something. But in terms of a national strategy,
we really have a lot of catching up to do. The way things are un-
folding and the premium put on the value of this information is
very high now, partly as a national security issue, I might add. A
number of reports from retired military people have made this
plain in the last couple of years.

Mr. MOLLOHAN. This what plain?

Mr. CICERONE. The value of recognizing climate change as an ele-
ment in national security and, therefore, getting the information
that we need, how fast are things happening, where do we expect
them to happen, and how much extra stress are they going to put
on different countries.

Mr. MoLLOHAN. Well, looking at NOAA’s responsibilities, it
seems to me that that is a natural. And I understand there was
a lot of discussion about NOAA’s increasing responsibilities with
regard to climate change.

Mr. CICERONE. But they cannot do it without NASA and NSF.
They absolutely cannot.

Mr. MOLLOHAN. Oh, no, of course not. But I guess you are talk-
ing about all these needs. How does that get pulled together and
what are the funding, as you look at them, what are the funding
requirements for those respective agencies that are going to have
increased responsibilities with regard to climate change?

Mr. CICERONE. I do not know what fraction of NOAA’s total
budget can or should go into climate because they have all of these
other requirements on them at the same time, fisheries and weath-
er service and so forth.

But NOAA has been central certainly during the Bush Adminis-
tration. All the way back to the early 1980s, NOAA has been cen-
tral to our climate program and, yet, so many of the contributions
have been due to NSF and NASA contributions that it is hard to
separate them.

Mr. MOLLOHAN. No. I understand what you are saying. You may
not be prepared to talk about it and being able to dice it out like
that.

Mr. Wolf.

Mr. WoLF. Thank you, Mr. Chairman.

I saw a film. I looked at it the other day. You ought to get a copy.
I will try to get a copy for you. It is called IOUSA and Pete Peter-
son funded it.

I think in the year 2030, there is nothing left, there is not one
dime for anything else other than the entitlements and interest on
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the debt, nothing for cancer research, nothing for education, noth-
ing for the sciences.

And so the reality, this Congress is broken. This place does not
work. And, I mean, just the other day, it took away tuition tax
credits for young kids in the inner city who are trying to break out
of the public schools, and I had a daughter who taught in the D.C.
schools, trying to break out to get in where they can get a good
education. And they are taken away from them.

And so, you know, there is that Simon and Garfunkle song, The
Boxer. You ever hear it? You know, man hears what he wants to
hear and disregards the rest. We are really only hearing what we
really want to hear.

And so the sciences are going to be squeezed unless we can get
some sense of kind of bringing this thing back. And so I really am
not that optimistic because, frankly, every time this Congress does
something, if the Republicans do something, the DCCC puts out a
press release attacking them. If the Democrats do something, the
Republican Campaign Committee puts out something attacking
them. And pretty soon nobody does anything.

And so really we can talk about how important we want to get
these numbers up, but unless we come together and develop a
mechanism, and now I am not speaking as a Congressman, I am
speaking as a father and a grandfather, we are in serious, serious
trouble.

And so we can talk about how we have to spend, but how are
we really going to do it? George Washington said deed is not just
words and we need the deeds to demonstrate.

And let me say for the record the Bush Administration did not
do a good job in the science area. I said it when I was Chairman
and I will say it here for the record. But the Congress has to not
just criticize, but has to come up with how we are going to deal
with this spending in so many other areas.

Now, my staff pulled the report that I talked about. It was the
Chronology of Higher Education. It said new grants for students
fail to meet expectations. In the program’s first, this is the STEM
grants, academic, competitive, and national smart grant programs,
in the programs for the first twelve months, the Department
awarded roughly 430 million in grants, a far cry from the 790 mil-
lion that lawmakers had appropriated for them based on the De-
partment’s projections. Some 361,000 students received the award,
significantly fewer than the 505,000 the Department had esti-
mated.

So I think we need to do something to make sure that young peo-
ple have this interest. And I guess the question I want to ask you
is, it is very tough to sort of answer your question about having
people who have experience. We have a robotic program in a high
school in our area. Thomas Jefferson has another one.

Should we not have more companies like Rockwell and Raytheon
to give their top people to say one day or a half a day in the class-
room so you are bringing people from SAIC or Raytheon or Lock-
heed Martin to really be coming in with practical hands-on experi-
ence that can kind of electrify, and I do not mean just twelfth grad-
ers, I mean fifth graders and sixth graders, and is much hap-
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pening? Do you have any ideas about how we can do it and is it
a good idea or what can we do to do that?

Mr. CiceroNE. Well, I think it is a great case because science
and technology really have so much to offer. I think we have seen
it now in a couple of ways.

One is all the economists who have looked at the growth of the
American economy, as Chairman Mollohan said, growth that sur-
passes the rate of population growth is where the surplus is gen-
erated.

Every one of them, regardless of their political position on the
spectrum, has concluded that the science and technology efforts in
the United States have accounted for at least half of the economic
growth in the last 50 or 60 years. So we know that intellectually.

We also know from the debacle in the finance industry that is
occurring that it is going to be pretty hard to run an economy
based on a service industry, whether it is financial services, wheth-
er it is just tourism. We have got to get back to creating things and
we are not going to be able to create things competitively with
many other countries because of our labor costs, the standard of
living we are all accustomed to.

So what we are left with is the innovation agenda that you know
so much about, Mr. Wolf. It is creating a whole population which
is not only capable of innovating but working in industries which
have not been created yet. And that gets all the way back to high
school. You are absolutely right.

So what I am hoping for is that the agenda is so positive in the
first place that people can see it all. They know that individual op-
portunities depend on it and they know that our national future de-
pends on it.

We all have to dig into our own communities and take advantage
of those companies that will let their people go out and do a day’s
work like that or volunteer work in the evenings, retired people,
and then creating a new cadre of teachers who are better equipped,
the things that are going on, for example, out in Texas, the UTeach
Program, that is being

Mr. MoLLOHAN. What is that called?

Mr. CICERONE. It is called UTeach, capital U capital T, U-T and
then each after it, at Austin. They have created a way that their
science schools on the campus are equipping young people who are
getting science degrees to be certified teachers with just about six
months extra instead of a year and a half or two extra in school
and financial support to help them using the school district, using
private philanthropy, using companies.

And now California is imitating them. The University of Cali-
fornia is imitating the UTeach Program. And several of the UC
campuses are now turning out hundreds of new teachers who are
certified. They are not emergency certified. They are certified to
teach and they also have degrees in physics and chemistry and
mathematics.

So this is a start and it is the states doing things on their own.
I think they are going to be imitated in the other big states.

Mr. WoLF. Okay. Well, thank you.

Maybe, Mr. Chairman, we ought to ask the new Secretary of
Education to come before the Committee. He has a great reputa-
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tion. I have a daughter in education. She says people in education
are very high on it. Maybe we should ask him to come and ask if
he can lay out what they plan on doing, particularly with regard
to the science, math and science and physics and chemistry and
them.

The last issue, I think we need targets because if you do not have
targets, I mean, if you are trying to run the mile, you have got to
know where you ought to be at every time and you ought to have
targets.

And I think what President Kennedy did on saying we were
going to put a man on the moon was very, very positive. And I
think the more we have targets so that we understand that we are
either making those targets or we are falling behind, I think, is
very helpful.

I heard and I am going to ask NASA this, but I had heard that
China may very well beat us back to the moon. Is that accurate
that China could or will or potentially may beat us back to the
moon and do you think that is very significant or do you think it
is just an interesting story? What does this mean?

But, one, have you heard that they may beat us back to the
moon?

Mr. CICERONE. Yes.

Mr. WOLF. Yes. And what is the likelihood of that? Is it like one
in a hundred or is it like they get a 50/50 shot at it?

Mr. CICERONE. I would not bet against it. Of course, it partly de-
pends on what we do. On the other hand, I would not be too wor-
ried about it.

That could be an example of expensive programs where inter-
national cooperation is the way to get the job done, but also to min-
imize our own cost. There are lots of things that we have talked
about today at NSF and NASA and NOAA that could be done coop-
eratively with other countries. For example, high energy physics.

It would be nice to have some of the experiments here in the
United States, but at least the Americans can use the new facilities
that are being built in Europe. Certain space programs like Explo-
ration could be done cooperatively.

Where we have trouble is like with that instrument that Mr.
Schiff mentioned, the orbiting carbon observatory. If we demand
that we work with international cooperation on every space instru-
ment, we are going to end up with needlessly complicated things
instead of focused, targeted, cheaper things.

But going back to the moon could be a goal that we could cooper-
ate with other countries rather than turning NASA upside down
trying to do it ourselves for unknown purposes. I would not be too
upset if the Chinese went there themselves, but it would be nice
if we could cooperate.

Mr. WoLF. Of course, the problem with the Chinese, they are
spying against us and they are stealing our secrets. And maybe
that is not the best country to cooperate with. But they have about
30 Catholic Bishops in jail. They have a couple hundred Protestant
Pastors in jail. They have plundered Tibet. They are persecuting
the Muslims and they are killing people in prison and taking their
blood type and selling the organs for $50,000. And they have
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stripped the computers of 17 congressional offices and other com-
mittees.

So they may not be the one that we want to cooperate with, but
I think you make a good case about cooperation.

I have other questions, but I just think, you know, I will just
thank you for your testimony. I urge you to really be bold and
speak out and even be controversial in the sense because when peo-
ple get within the Administration, the previous science advisor
would never say very, very much and we just could not get him to
say very much. And pretty soon, if you will not say very much what
you really believe, why even ask you any questions because what-
ever you are going to get is not really the reality.

So I think that since your salary is not paid for, in essence you
are not a government employee, we need people like you and Norm
Augustine and others to be very bold, to speak out, obviously in a
very kind way. We are not attacking and criticizing people, but just
say here is where America is. And I think your credibility is prob-
ably greater, particularly since you are not in government than if
you were.

So I would urge you, the Academy, and others like you to speak
out, write editorials, do op-ed pages of pieces for the Washington
Post and the Wall Street Journal and others to sort of let America
know really where we are at this time.
hAnd any thoughts you may have, and I am going to give you
this

Mr. CICERONE. Please.

Mr. WOLF [continuing]. If you could take a look at it, on what
we do with regard to this because when we do talk about funding,
here is the funding that laid on the table.

Mr. CICERONE. IOUSA?

Mr. WoLF. I am going to get you a copy. I am going to get you
a copy. If you can have somebody come by, I will burn a copy off
for you and get it for you by tomorrow.

But also if you could just look into this STEM Grant thing, any
thoughts you may have as to why so much money laid on the table.

Mr. Chairman, thank you very much.

Mr. MoLLOHAN. Will the gentleman yield?

Mr. WoLF. Yes, I would be glad to yield.

INTERNATIONAL COOPERATION

Mr. MOLLOHAN. I just want to follow-up on the gentleman’s ques-
tion about international cooperation since you raised the question
and Dr. Cicerone spoke to it.

There are a lot of scientific undertakings that are done through
international cooperation. I would like for you to elaborate on Mr.
Wolf’s question.

And how does that relate to our maintaining leadership in
science and technology? Where is it appropriate to consider inter-
national cooperation and where not? And what about the issue of
locating major scientific facilities in the United States or offshore?

Mr. CiCERONE. These questions are really more important than
ever before. For example, in the physical sciences, we have heard
a lot about the progress in China and India and Korea and, yet,
the people who are probably beating us right now are Europeans.
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In many fields of physical sciences, they would still like to see our
leadership, but they do not need it. They are quite willing to move
ahead with big facilities without us. They would like to see us co-
operating on, for example, high energy physics experiments, but
other fields of physical sciences too.

So it is these changes that bring those questions really up front.
What can we do to advance the science to make sure that Ameri-
cans are going to be part of it to enjoy their share of the discoveries
and to including the ones that are going to have economic benefits
when so much 1s being done elsewhere that we can no longer be
in the lead in all fields? It is a new world. We cannot do it. I am
being told this from everywhere I go.

Mr. WoLF. Mr. Chairman, could I just follow-up on that then.

Somebody from NSF who I will not say about two years ago said
that Europe had a formal program of coming over here to encour-
age our engineers to go over. Like somebody would come and say,
well, you are a German or you are Czech, come on back and work
in your homeland for a couple years and you can go back.

Is there a formal program? Are the Europeans coming over to
take our engineers or was that just a story?

Mr. CICERONE. I do not know if it is a formal program, but it is
certainly happening. It is happening for a lot of reasons.

One of the papers this morning talks about a young woman Rus-
sian Ph.D. working at MIT who cannot get her Visa extended to
stay on and work with MIT in the company she has been working
with. She is going to go back.

A colleague of mine at Harvard I have known for many, many
years, three of his last four Ph.D. students have gone to work in
England and Germany instead of staying here.

We are hearing more when we quiz entering graduate students,
do you want to go back to your home country when you are fin-
ished or do you want to stay here. This is a question that the Na-
tional Science Foundation has been asking graduate students off
and on for about 25 years. There is more of a tilt now towards
going back home because they have got opportunities like they
never had before.

But the United States still inspires people. People still, I think,
would rather live in the United States. We have so much going for
us that I think we can counter these trends by creating and main-
taining the opportunities of the type you are talking about.

But the international experiments, the international collabora-
tions are here to stay and we are going to have to be strategic as
to how we advance certain fields. For example, the international
nuclear fusion experiments that are now being done in France in-
stead of the United States.

I certainly do not know whether that was the right thing to do,
but it was a way for the United States to keep a hand in a kind
of energy research that might pay off 30 or 40 years from now. Un-
fortunately, that is what people have been saying for 30 or 40 years
already.

But it is so expensive that it seemed like the only way the
United States could stay involved was to cooperate with several
other countries, the so-called ITER Program, I-T-E-R, in France.
There are going to be more decisions like that we are going to have
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to face. Can we go it alone or do we have to throw in with someone
else and can we do some of them here instead of having them all
going on overseas?

Those are the questions we are looking at now, especially in the
physical sciences.

Mr. MoLLOHAN. We will follow-up.

Mr. Honda.

Mr. HONDA. Thank you, Mr. Chair.

The last 45 minutes are pretty thoughtful and stimulating. The
idea of having guaranteed funding for the sciences with a growth
factor, of course, plus asking you to be honest and critical of the
way we are doing this, I think, has food for thought because there
is an old Chinese saying, be careful what you ask for. But I think
that those are thought provoking things.

The other comment you made earlier about India and China
versus the United States, one of the things I have been telling my
colleagues and just thinking about it is that when we use numbers,
round numbers, but we are thinking specifically certain kinds of
disciplines, we send the wrong message, I think.

And I think what I heard you say was that there are all kinds
of disciplines in science and technology whether it is in India,
China, or here and that the system that we have makes a big dif-
ference in how we grow our youngsters from the different coun-
tries.

And I think I heard you say that one of the things that we might
want to look at is exercising more rigor in our instruction at the
lower level. Higher education appears to be more desirable to imi-
tate and I think that is because we filter through our system those
that continue to go through our system where it encourages cre-
ativity and innovation and thinking outside the box. And I think
that 1s the attraction that other countries when their cream of the
crop starts to look at “where can I go.”

Through this discussion I heard, we might want to think about
co-signing letters to the Administration about lifting some of the
administrative barriers that we have on immigration so that we
can provide this free flow of students and professors so that we do
not lose out on that because I think in the long run, we do lose out.
And the attraction of being here is still very strong.

So we have some non-issues as far as this Committee is con-
cerned, but I think there are some activities that we should be en-
gaged in.

On the issues around NASA and NOAA and NIST and the other
agencies, they are scattered throughout different departments with
different funding sources, but they are all integrated and necessary
to work together so that we have comprehensive information.

And given this atmosphere of wanting to look at stuff now, what
would you recommend on how we could have NOAA and NASA and
the other entities work together so that the outcome we will have
is tools and technology and the knowledge and information that
will be helpful for us to move forward in providing information on
innovation, instruction, instructional strategies and innovation and
having information on how to monitor and tell ourselves and give
ourselves check points or touch points on controlling global warm-
ing?
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Mr. CICERONE. Did you say controlling

Mr. HONDA. Understanding it better, monitor ourselves so that
we can say, you know, we are off on this area and we need to pull
in because my sense is that we have these ideas about combating
global warming with talking about carbon sequestration, but, you
know, I am not sure whether we are thinking about also how do
we monitor that, how do we quantify it and allocate that to certain
countries or activities.

Mr. CiCERONE. That particular task that you mention we have
not given enough thought to yet and here we are on the verge of
international agreements without probably a strategy for how we
are going to monitor the agreements. That has to be done quickly.
It is actually something we are working on behind the scenes now.

But coordinating across these agencies, I remember some out-
standing examples from the mid 1980s where the administrator of
NASA, the administrator of NOAA and the director of NSF worked
together, actually went to the Office of Management and Budget
and suggested that their budgets be co-examined along the lines of
what was called the United States Global Change Research Pro-
gram.

By starting at the very highest levels and by seeking co-examina-
tion of their budget packages, they sent a message to everybody
that they were working together. And some of the things that
flowed from that were to the benefit of everybody, including keep-
ing the budget cost down.

For example, instead of developing new satellite sensors, NOAA
depended on NASA with the high tech capabilities in the NASA
centers and NASA scientists and engineers to develop new concepts
for and new packages for satellite instruments which can be very
expensive.

Now, I do not know whether they coordinated with the NRO or
not because in those days, the National Reconnaissance Office was
classified. The fact that it existed was classified. It was not very
well known.

But the point is they coordinated so that NASA developed the
new capabilities and then NOAA used them in an operational sense
and delivered the data in a very effective way that never would
have happened if either one of them had worked alone.

And then NSF was providing a lot of the intellectual raw mate-
rial from universities, people who were working with all of those
payloads and the mathematical models, the mathematical calcula-
tions, the data evaluations. And I think the fact that they agreed
to go through OMB together helped.

That was one example of how coordination can still happen. So
getting people like the agency heads together along certain lines of
national priority can work.

Mr. HONDA. Perhaps that is something that we might want to
think about in terms of some sort of an administrative policy and
practice so that these things do happen. We can eliminate duplica-
tions. We can encourage collaboration and communication so that
the interagency interactions, there will be less friction or barriers
in that. You know, we encourage that.
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And I would hope that that is something that we will move to-
wards because I do not know that we can afford to be that loose
with our money since we are really tight.

Mr. CICERONE. That is right.

Mr. HONDA. But that sounds like a good suggestion.

Mr. CICERONE. It is also true that we need all kinds. Just when
you think you’ve got a perfect organization, somebody comes in
from left field with a great idea that nobody thought of. And that
is where NSF comes through again and again and again. They do
not have these operational responsibilities, but they bring people in
from all over who just come up with fascinating and fabulously im-
portant new ideas.

Mr. HoNDA. How would you take all this new information that
comes up so quickly and convert that into instruction for K-12
or—

Mr. CicERONE. That is especially hard, especially because we do
not have this national system like I mentioned earlier. So much of
our K through 12 education happens in every small locality. That
is where the federal government can still set good examples.

For example, each of the agencies that Chairman Mollohan men-
tioned, I believe, has its own educational components too. NOAA,
for example, and NASA have fairly substantial efforts to work with
K through 12 education around the country. They support pro-
grams that provide materials based on, for example, that wonderful
wall hanging here that is actually real results from remote sensing
instruments.

These agencies provide educational materials to schools all over
the country and summer workshops for teachers to enable them to
work with those materials and, in some cases, some summer re-
search opportunities for teachers.

So the federal agencies can do things like that which in turn
then seed activities out in school districts all around the country
using really modern things like that.

Mr. HoNDA. Rather than impose on ourselves, then we should
look at maybe the Department of Education which could take on
that responsibility of gleaning the information from all the other
different agencies and making some sense into that and providing
that from the federal level.

Mr. CICERONE. My sense is the Department of Education is very
good at distribution, but it would be perhaps wise to have the agen-
cies with the real expertise in content matter provide the mate-
rials.

Mr. HONDA. And then your discussion on UT, that sounds like
a good linkage also.

Mr. CiCERONE. I think it is fabulous from what I can see.

Mr. HONDA. Thank you, Doctor. I appreciate that.

Mr. MOLLOHAN. Thank you, Mr. Honda.

Mr. Culberson.

Mr. CULBERSON. Thank you, Mr. Chairman.

I as a Texan can provide the Subcommittee with more informa-
tion on the UTeach Program. It is an innovation of the State Legis-
lature I think there and I came out of the Texas House, so I will
be happy to provide that.

Mr. HONDA. And California has no problem copying Texas.
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Mr. CULBERSON. What is one of the great things about this Sub-
committee, Dr. Cicerone, is we are all truly on the same wave-
length when it comes to the sciences.

And I would like to volunteer, Mr. Chairman, to, if I could, come
up with a draft idea on changes to law in the way that the rec-
ommended budget numbers come to this Committee from an inde-
pendent panel of experts.

I would like to work something out that we can circulate to think
about making sure that there is a stable, predictable growing fund-
ing level for the National Science Foundation into the future be-
cause it is a real source of concern.

Dr. Cicerone, I would really like to have your help and guidance
on that because it is why Congress chartered you guys back in
1863 to advise the Congress.

I once had and in thinking about designing this, if I could leave
you with some good advice, someone, I think it was actually a City
Council member once pointed out to me in Houston that the City
Council makes decisions that will affect you next week and next
month. The State Legislature makes decisions that will affect you
next year. And the Congress makes decisions that will affect you
for the next generation and generations to come.

So in a very real sense, we really have an obligation, this Sub-
committee, the whole Congress to think about the next 10, 15, 20
years. We always do, but it is especially important now following
up on Mr. Wolf’'s quite accurate point, it is an irrefutable fact that
we are headed towards a path today that if we do not change, we
are going to become like Argentina.

The Comptroller of the United States said that by the year 2020,
the safest investment in the history of the world, U.S. treasury
bonds, could very well be graded as junk bonds. That is just 11
years away.

And as Mr. Wolf says, we are going to spend every dollar we take
in by 2030 on the social programs.

So really this becomes even more important, Mr. Chairman, that
we find a way to wall off the National Science Foundation, Na-
tional Institutes of Health, NASA, the science functions at NASA,
NIST in a way that will protect them because they are so vital to
national security, design them kind of like a castle keep, you know,
the old medieval castles had several walls for defenses. We, I think,
ought to think of a statutory way to design an innermost castle
keep, you know, where we protect.

The sciences are really one of the most important things we can
do for future generations. It is a real source of concern and I really
would like your advice and guidance, the advice of your staff.

And, again, what I am thinking about is to have just a rec-
ommendation, Mr. Chairman. This Committee should always con-
trol what happens to the funding, the final amount of funding. But
it would be wonderful if the recommendation for the initial budget
number that we work with came from an independent panel of sci-
entists and engineers with no political agenda that are separate en-
tirely from the Office of Management and Budget that make a com-
pletely independent recommendation about here is where I think
you ought to start as an Appropriations Committee and here is
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what needs to happen in the future so that it is objective, non-
political and stable and predictable in the years to come.

And I would like to volunteer to help design something like that
with your advice and guidance and something that the entire Sub-
committee could enthusiastically get behind.

Mr. MOLLOHAN. Is the gentleman yielding back?

Mr. CULBERSON. Yes, sir. I am done. Thank you.

Mr. MOLLOHAN. I thank the gentleman for his ideas sincerely.

Mr. CULBERSON. Yes, sir. You bet. You know how fired up I am
about this.

Mr. MOLLOHAN. I do.

I hear your testimony, Dr. Cicerone, that science funding, one of
the goals should be to promote the development of scientists, engi-
neers, that it is extremely important. And at the same time, it is
important also to have the infrastructure that is necessary to do
science.

I wonder if as we think about this and we think about that and
then our funding priorities, are there areas of research that we
should emphasize one over the other on the basis that one area
produces people, that the spending in that area goes more to devel-
oping people, the personnel, people infrastructure versus facilities
infrastructure, which can be very expensive, and what is the bal-
ance between the two in your judgment?

Mr. CICERONE. I do not know of any rigorous study, but I would
favor producing people. Some of the infrastructure projects as im-
portant and as essential as they are probably have a shorter term
benefit than producing people.

I have heard a few economists talk about this and they generally
agree that investment in people programs has more of a multiplier
effect. And given the pipeline issues we have going down into the
middle schools and high schools, I think again focusing on K
through 12 education would be wonderful every time we got a
chance.

But it is surprising how sophisticated some of the children are.
They are interested in cutting-edge issues and how you go about
answering questions that we do not have to talk down to them very
much.

We have done a few things over the years that have helped. They
are called decadal surveys of entire fields. One of the success sto-
ries is in the field of astronomy.

For the past 40 or 50 years, the astronomers have gotten to-
gether every 10 or 12 years and it turns out they really go at each
other and then they will produce a report on what is needed in the
way of facilities and instruments. And they will methodically go
down through the list and over a period of years get the high pri-
ority ones to be funded by working together and by demonstrating
how important they are.

We did a report three years ago on earth observations that was
a landmark. It tried to bring together all the cats and dogs and the
incomparable instruments and all the different things they were
looking at and put some order to it. And they came up with several
tiers of priorities. This is what is needed first. This is what is need-
ed second. This is what is needed third and a time table.
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So to try to do that across fields and to therefore get back to your
point of how you compare this kind of infrastructure investment in-
stead of just providing broader support that is not so focused, we
would have to go about it pretty methodically, I think.

Mr. MoLLOHAN. Well, off the top of your head or for the record,
given your answer that our funding should always take into consid-
eration the impact on developing the personnel infrastructure,
what are the essential facilities investments that we must make at
the same time? Would you be more comfortable submitting that for
the record or

[The information follows:]

The National Academy of Sciences has looked at your question in various ways
over the years. In some cases, we have examined a specific field, such as astronomy,
to design a roadmap of investment over the next decade across a range of needs—
human resources, new observatories, and the balance between U.S.-based facilities
and those overseas. There is no simple formula, and indeed, we have revisited as-
tronomy with some frequency to modify the plan to meet changing realities.

Looking across the board at approaches to designing roadmaps for investments in
infrastructure and personnel, we have conducted a number of studies that consist-
ently emphasize a balanced set of criteria in both realms. For instance, in a 2004
study for NSF, Setting Priorities for Large Research Facility Projects supported by
the National Science Foundation, two of the key criteria are “which projects produce
the greatest benefits in numbers of researchers, educators and students enabled?”
and “which projects have the greatest potential for education and workforce develop-
ment?” In effect, it is essential that the criteria for investment in either equipment
or training include the role of and impact on both. Likewise, in our 2006 report for
NSF, Advanced Research Instrumentation and Facilities, the committee noted that
“instrumentation is a major pacing factor for research; the productivity of research-
ers is only as great as the tools they have available to observe, measure, and make
sense of nature.” After examining the approaches taken by all federal research-fund-
ing agencies to evaluating proposals for instrumentation, and finding them incon-
sistent and lacking in rigor, the committee recommended that “each federal research
agency should re-evaluate the appropriate balance between instrumentation and re-
search grant, and, within instrumentation programs, the appropriate balance be-
tween small-, medium-, and large-scale instrumentation and facilities.” The com-
mittee concluded that such a balance would vary by agency and by program field
within each agency.

Short of a field-by-field examination of the relative needs in each field, we could
obtain quick estimates by asking NSF and other agencies for a tally of how many
unfunded proposals, for example for equipment and facilities, have accumulated in
each field, proposals which were rated highly but could not be funded in the last
several years. This tally could present how much immediate investment could be ab-
sorbed easily and quickly. In reality, the demand is much higher because in some
fields, there has been no competitive program to which investigators (at universities
or elsewhere) could submit requests.

Mr. CICERONE. I would. I think science has become so specialized
that we really have to listen to experts from each field and then
see what they have in common and see whether, for example, a re-
gional facility which could serve, for example, one part of the coun-
try as opposed to being just in one person’s back yard would work.

And the only way to get there is by having people who under-
stand each of the related fields saying, okay, we could share this
facility. This one has to be tuned up in just such a way that it can-
not be shared and that kind of tradeoff that has to be looked at
to see how all the fields will develop.

Mr. MOLLOHAN. And certainly another aspect of that question is,
how is that taken into consideration as we look at international co-
operation?

Mr. CICERONE. Yes.

Mr. MOLLOHAN. And perhaps you could discuss that in
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Mr. CICERONE. Yes.

Mr. MOLLOHAN [continuing]. Your submission.

Mr. CICERONE. I would be glad to try.

[The information follows:]

International sharing of costs and access to large facilities—there are some nota-
ble successes such as high-energy physics experimental facilities and astronomy ob-
servatories. I do not know of well accepted ways of deciding how much to use this
method to support science but cases have been made that have led to international
sharing of costs and benefits, mostly in the physical sciences. Hallmarks seem to
be very high cost items whose benefits can be shared without diluting them too
much; for example, by making observatories available to many scientists without re-
ducing individual time shares to less than absolutely required for the goal at hand.
From the point of view of science, however, we would not like to see valuable funds
diverted to projects whose main virtue is encouraging international exchanges with-
out scientific benefit—there should be high value to science. Inside the United
States, some facilities have been created that can be shared in geographical regions
so that students and investigators can use front line equipment without traveling
abroad or even across the entire country.

Mr. MoLLOHAN. All right. Education, you notice every member of
the Subcommittee just jumps right on it and it is in part at least
because, and certainly so far as I am concerned, it is such a huge
issue in our districts, certainly with regard to math and science
and technology education. But it is a big issue for English and his-
tory and sociology and civics teaching as well.

But looking at the STEM subjects for a moment, we are really
yearning for the answer. And I am sure the folks that testify before
the Committee are anxious to give us the answer.

You are not responsible for K through 12 secondary education ob-
viously. At the same time, your thoughts about its importance are
extremely motivating to us to try to see how we can impact that
in a positive way through your expertise, through NASA, as you
point out, NASA is being very active in that, and through any
other of the science accounts under our jurisdiction.

But it seems to me there are two sides to this problem. When
folks come up and testify that we are behind, sometimes I think
that part of that testimony is to motivate us to spend more money
in science generally. And certainly that is true because it is a part
of any program you put forward or you initiate.

But there are two pieces. Number one is the product that is pro-
duced in K through 12 and delivered to the universities and/or ma-
triculates to the universities and then hopefully into graduate and
postgraduates and docs and post-docs and all of that.

Producing a sufficient pool of students or maximizing those who
have a capability to aspire to graduate study in science, majoring
in science at universities, producing that, finding those is one issue.
How do you do that?

And there is a lot of looking at how that happens, but there is
very little of coming back and saying, okay, we have prototyped
this and this is what really has to happen from kindergarten
tShrough post-doc to maximize the talent that exists in the United

tates.

And it seems to me based on your testimony and everybody else’s
that that is increasingly important as other countries provide op-
portunities for their students who we have relied upon as you have
testified.
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So while it has always been important, it is increasingly more
important. And so I guess how do we maximize it? You are not the
Department of Education, but you certainly have an interest in it.

And Mr. Wolf asked questions about, you know, at what age are
youngsters naturally interested in science and then when do they
drop off and then you lose them forever.

Those questions are very important for us to answer here on the
Committee and also, I think, in the Education Committee.

You have all kinds of reports that, well, scientists should teach
science. Well, that probably works in the Washington area. It prob-
ably works around, I do not know, Princeton University. It does not
work so well in a number of counties in my congressional district,
probably about 20 out of the 21, because they are not there. That
may be overstated.

So it seems that we have to teach the teachers to know science
and know mathematics when they go into the field. But it would
be very helpful if we looked at that at your level.

What does the educational system have to do in order to achieve
this finding, identifying, mining, if you will, the minds that are
able or capable and inclined to go into the higher sciences? You
know, what does need to be there? Does the teacher who is coming
out of the schools of education need also to have a major in biology
if they are going to teach biology or biology and chemistry? What
is needed?

And so you can just tell the education departments’ deans that
if you are going to really get to kindergarten through twelfth grade,
then the teachers who go there, not only do they have to be able
to teach, but we cannot assume that because they have a teaching
degree and they know how to teach that they can teach other
things.

So, look, it is a no-nonsense thing. You have to know chemistry
if you are going to teach chemistry. So if you are graduating stu-
dents who are interested in teaching the sciences, then these stu-
dents have to have a science degree of some sort.

That definitiveness, this is what is needed, would seem to me to
be critical and maybe it is out there. I mean, maybe. I really do
]roli)t know that. But I would just like your comments on that ram-

ing.

Mr. CicERONE. Well, I think you are on to something.

Mr. MOLLOHAN. Thinking.

Mr. CICERONE. A lot of evidence shows that great teachers can
teach almost any subject to children up to a certain age. There is
argument about what that age is, but let us call it maybe fourth
or fifth or sixth grade. But beyond that time, to be able to teach
all the specialized subject, the teacher needs some specialized back-
ground himself or herself. That is kind of what you were getting
at.

And then most of the other evidence shows that the quality of
the teacher is the biggest single thing that goes into success in
school. Of course, the parental involvement probably still domi-
nates. We just do not know how to measure that.

Okay. So if you want to focus on teachers who have some spe-
cialization themselves or some content basis, the problem imme-
diately arises that they have other job opportunities. So how can
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we attract them into teaching? How can we retain them? How can
we give them a network of people who they can work with, where
they can get extra materials, how they can stay up to date, how
}he}}fl r;:aln have summer research opportunities in companies and so
orth?

And those are the kinds of local actions that are taking place
around the country, some of them very successful where there will
be a group of citizens or a corporation that decides to basically see
to it that teachers with those qualities are encouraged to stay for
more than two or three years in teaching, that they are given, for
example, extra summer employment and extra help.

And unfortunately, because of our system in the United States,
it is a patchwork, but there are hundreds and hundreds of good
programs out there and some of them going off in special directions
like, for example, computer-assisted instruction where there are
now gifted, dedicated people developing kinds of software to teach
children mathematics which will allow students to go off in all
kinds of different directions using the same software, proceeding at
their own pace and then providing feedback to the teachers to say
did you know that your student X who is using this software is off
doing that now.

I have seen some fabulous developments recently. So we have got
a thousand flowers blooming and it does not seem like we have any
way to capture it all and to distill it and to take the best practice
from here over to here. We have this patchwork that is hard to deal
with.

But lots of good things are happening out there to the benefit of
thousands and thousands of students, but we look around and see
other places where it is not happening at and it is very frustrating.

[The information follows:]

The major (or only) experience of which I am aware of a large increase in sci-
entific funding which led later to discouragement amongst scientists is that of NIH
in the last several years. Something similar might have happened immediately after
Sputnik but I am not sure.

At NIH, between the years 1998 and 2003, research funding was doubled so that
biomedical investigators from American universities met with more success in com-
petitions for NIH funds. A higher fraction of proposals succeeded and typical grant
sizes increased. More investigators were encouraged to submit proposals to NIH. In
addition, some of the awards were granted for longer periods of time, and simulta-
neously, NIH was given more tasks by the federal government. Consequently, after
a relatively short time, little flexibility was left and both new and continuing inves-
tigators began to experience higher rejection rates. The current situation has dis-
couraged many investigators and has probably led some young people to avoid en-
tering biomedical fields. It might have been avoided if more attention had been paid
to the demography of investigators and the duration, size and numbers of awards
to them, and if funding to NIH and other roles for NIH had been more predictable,

or if funding increases had continued.
I am sure that NIH leaders can provide more detailed analysis.

Mr. MOLLOHAN. Thank you.

Would you for the record, if you feel comfortable doing this and
it certainly would be helpful for the Committee, as we look at this
increased funding for science and the accounts in our jurisdiction,
we very much want to reach the balance point. We do not want to
create a baseline and a commitment to a percentage increase that
we cannot sustain.

You alluded to the fact that NIH perhaps could not sustain the
increases over a certain period of time. Could you for the record
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comment on that question and give us the guidance that you feel
you are capable or able to do or comfortable doing with regard to
the accounts that we have jurisdiction of. And if you would like to
comment on that, I would invite you to do that.

Mr. CICERONE. Just real quickly. I do not have enough of the
numbers in my head. But where I would start would be to see
where the backlog is of all the really valid and critically evaluated
proposals that have come into these agencies and see where we
stand after this stimulus spending and how to move into the future
and then what the age distribution of those successful investigators
is.

Are we dealing with a lot of people who are just starting, who
will presumably want to continue after three or four years? Are we
dealing with a fraction of people who are at the end of their ca-
reers, to try to look at the demography of it? And it is hard to know
exactly what number to say without going into those dynamics.

Mr. MOLLOHAN. Mr. Wolf.

Mr. WoLFr. Well, thank you, Mr. Chairman. This has been a good
hearing.

And I know the Chairman knows this one Committee. We have
a rural county in my district, Clark County, unbelievable school
system, if you look at the U.S. News or World Report, and I think
a lot of times, personnel is policy. They have had great leadership
and, you know, they are doing terrific, unbelievably. You might just
take a look at Clark County and look at the scores and look how
they are rated.

I wonder, and you do not have to answer this or if you want to,
I would love to get you, I wonder if we could be losing the Amer-
ican work ethic to a certain degree.

This past summer, you know, at the beach and the summer be-
fore down in Nags Head and one time in New Jersey, every young
person working on the beach or working in the arcades or working,
they were from Bulgaria, they were from Romania, they were from
Russia. Well, gee, that is what I did and I worked construction for
McClusky Construction. I did all these summer jobs.

Now, I would like to hear maybe the kids are all at summer
camp, at science summer camp working. And so if they are, then
I am glad the Bulgarians are working. But if they are not, and it
really troubles me.

I had an experience. I was down at Nags Head and it was just
when the Russians had invaded Soviet Georgia. And there was a
big article there about Yeltsin, not Yeltsin, Putin, and there were
two Russian young ladies there. And I said Putin and they made
a comment pretty negative about Putin.

But here everyone was from an eastern European foreign country
hungry, doing good work. They were hungry because they wanted
to earn. And I wonder if there has been some diminution of the
work ethic in the country. If you have any thoughts on that.

Mr. CICERONE. You and I should compare stories about where we
have worked in our lives. I would love to do that.

No. It is serious. It really is a question, can we change our be-
havior by looking at things rationally and seeing what is coming
or does it take a crisis to change our behavior because I think there
is some truth to what you just said.
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We have had it pretty easy here for a long time.

Mr. WoLF. Yeah. Well, I thank you very much.

Thank you, Mr. Chairman.

Mr. MoLLOHAN. Well, we are certainly facing a crisis.

Mr. CICERONE. There is the opportunity.

Mr. MOLLOHAN. Yes. Maybe that is the opportunity.

Dr. Cicerone, thank you very much for your testimony and your
good work. I know the Subcommittee has appreciated it. And as
Mr. Wolf expressed, I think it has been an excellent hearing prin-
cipally due to your fine testimony.

Thank you for appearing before us today. And there will be a few
questions submitted for the record which we will submit to you
after the hearing, if you would be kind enough to consider answer-
ing them and be responsive to some of the requests during the
hearing.

Thank you very much to you and your fine organization for being
here today and the good work you do every day.

Mr. CICERONE. Thank you.
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Additional Questions from Rep. Aderholt  May 26, 2009

1. You mention the importance of philanthropy in providing funds for essential research.
What effect will the economic downturn have on people’s ability to give and how would a
sharp decrease impact research and development?

Reply - Philanthropy is a very American phenomenon. Until recently it was uniquely
American but now there is significant philanthropy in Australia, the United Kingdom and
Germany. We have major philanthropic foundations that support science, as do smaller
individual and family foundations and some corporate foundations. Most of their support
for science goes to universities and independent research institutes and this support
contributes to salaries for researchers and support staff, travel, equipment and very
importantly at universities, to student scholarships, graduate fellowships and endowed
professorships. In most fields, federal support is much larger than private support but
philanthropy is still very important and it gives America an advantage.

No one knows how much the economic downturn of 2008-09 will decrease philanthropic
contributions. Grantmaking foundations are required by law to give away at least 5% of
their endowment annually but the endowments of foundations have shrunk so their required
giving and their ability to give are diminished. Contributions from individuals are often
based on the value of appreciated assets (due to favorable tax law) and there are fewer of
those assets now. Thus, we expect diminished support from philanthropy.

1 might add that the psychological impact to a student who receives support from donors is
very positive and I hope that donors can find ways to continue to contribute, even at
diminished rates, during this current downturn.

2. Some rural and less affluent areas of the country do not have the resources to provide a
robust science department, which can lead to a hands-on experience that hooks a young
student on the sciences. Given this shortcoming, what steps and programs can be
undertaken to encourage students in these areas to pursue education and careers in science?

Reply —

I sympathize with this kind of situation. In college, I met students who had gone to high
schools which had good science laboratories, the best of teachers and modern curricula.
Those of us who had not attended such high schools had a hard time competing and
catching up. And it is hard to get interested in a subject in the first place if you have no
exposure to it.

In our country, issues of K-12 education are almost entirely under local and state control
rather than federal. I can suggest two types of federal programs which can help. Oneisa
summer session aimed at high school students perhaps in tenth or eleventh grade where
they are given intensive instruction in mathematics, physics, chemistry or biology along
with a research experience; I have seen such a program to be successful.  The program is
at a college campus and requires the students to live there away from home but usually in
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their home states. Federal funding could pay for scholarships for the students for six or
eight weeks. 1 have seen students from relatively poor high schools gain exposure to
serious courses and exciting extra activities focused on science and mathematics, students
who are strongly and positively influenced by these experiences who go on to careers in
science.

The second idea would be to support current and new teachers with summer programs
aimed at providing new materials and ideas to them and helping them to improve their
teaching. Once again, universities in each state could be the centers to serve teachers in the
state’s school districts.

A number of other innovative public-private partnerships programs are summarized in a
recent report from the Woodrow Wilson International Center for Scholars: “Stakeholders
in Student Success”.

3. You state that “American achievements and activities in science have created much
goodwill worldwide”. How can this goodwill be put to use to improve America’s
attraction and retention of top researchers and professors?

Reply -

The United States has benefited enormously from foreign students who study and do
research in our universities and from more senior scientists who come to work in our
universities and research institutions. As I said in my March 3, 2009 testimony, an
impressive stream of such visitors has been coming to the United States for many years
now and these people have given big boosts to American science and industry. Benefits
accrue to the U.S. when these people stay and become productive, permanent residents or
citizens or when they return to their native countries where they become lifelong friends
and collaborators. Many American travelers notice that leadership positions in many
countries, especially developing countries, are populated by people who were educated in
the United States in science or engineering, medicine, economics and other subjects. Such
foreign leaders are familiar with, and usually friendly to the United States.

The dominant factor in attracting top-notch students and scientists from other countries is
opportunity. American science is open, there are gencrally adequate or better resources
here, like laboratories and equipment, and the atmosphere is competitive. For some
foreign visitors, the prospect of later permanent employment is very important,
Recognizing the value of foreign students and visitors, many other countries are now
working hard to attract such people in competition with the U.S. by providing financial
support and other incentives, by creating graduate education programs taught in English,
and by making foreign visits easier. Simultaneously, the U.S. has made it more difficult
for foreign students and visitors to enter the U.S., and to extend their visas and to find
employment while economic opportunities elsewhere are beckoning, for example, in India,
China and Korea. Data on numbers of foreign students are entering the U.S. and how many
of them stay after taking degrees are available from our National Science Foundation.
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To improve America’s attraction and retention of top researchers from other countries, we
must recognize that there is now more competition for this talent. We must do more to
draw them here, for example, by supporting students from developing countries and
supporting modern facilities in their home countries where some of them might return, so
that they can maintain collaborations with American scientists. We should encourage
international scientific meetings to be held in the U.S. and subsidize them if needed. We
should encourage our federal agencies to enter into projects with foreign partners and the
Department of State to post scientists in many of our embassies worldwide.

At the same time, we should remove barriers to foreign visits that are not needed for
security. Specific suggestions include: “deemed export” policies that unnecessarily prevent
foreign students from participating in university-based research. We should grant visa
extensions for foreign students who receive Ph.D. degrees here to encourage them to find
jobs, and we should grant more long term visas for science and engineering doctoral
students. Visiting lectureships for foreign professors could be greatly expanded.
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ICAN MATHEMATICAL SOCIETY

OPENING STATEMENT BY CHAIRMAN MOLLOHAN

Mr. MOLLOHAN. The hearing will come to order. Good afternoon,
Dr. Fisk and Dr. Rankin. And Dr. Rankin, as the only mathemati-
cian appearing before us today, or even the rest of the week, Happy
Square Root Day.

Mr. RANKIN. The first time I have heard of it.

Mr. MOLLOHAN. Well, it was not too long ago it was the first time
I heard of it. And I understand if we do not celebrate today then
we have to wait until April 4, 2016. So how are you going to cele-
brate?

Mr. RANKIN. I have not thought that far.

Mr. MOLLOHAN. Stumped you on the first question. Well, wel-
come to the hearing. This morning we received an overview of
science in the United States. This afternoon we will examine the
role of two research agencies under our jurisdiction, NASA and
NSF.

Following the issuance of the report, Rising Above the Gathering
Storm, there has been a bipartisan effort to double the fiscal year
2006 funding of NSF, along with NIST, and the Department of En-
ergy Office of Science over ten years. The stimulus funding pro-
vided in the American Recovery and Reinvestment Act of 2009 in-
creased fiscal year 2009 funding for NSF by roughly 50 percent,
while providing a roughly 8 percent boost to NASA science.

Looking forward, it is important for this Subcommittee to under-
stand the relative roles and status of the different research agen-
cies, and we look forward to learning more from Dr. Fisk about
NASA and from Dr. Rankin about NSF. Gentlemen, your state-
ments respectively will be made a part of the record. And before
asking you to testify I would like to call upon our Ranking Member
Mr. Wolf.

Mr. WoLF. No questions.

Mr. MOLLOHAN. Okay, thank you. Gentlemen, if you will pro-
ceed? Dr. Fisk, will you go first?

Mr. Fisk. Thank you very much, Mr. Chairman and Members of
the Subcommittee. Thank you very much for inviting me here
today. For the record I am Lennard Fisk. I am the Thomas M.
Donahue Distinguished University Professor of Space Science at
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the University of Michigan. And I also served from 1987 to 1993
as the NASA Associate Administrator for Space Science and Appli-
cation, and until last July as the Chair of the National Research
Council Space Studies Board.

There have been, as you noted in your opening remarks, there
have been several legislative initiatives that recently have treated
science in NASA as less important to the nation than other sci-
entific pursuits. The highly acclaimed National Research Council
report Rising Above the Gathering Storm, which called for substan-
tial investments in the physical sciences, was effectively silent on
NASA. The legislative initiatives that followed from this report, for
example the America Competes Act, did not focus on NASA science.
And recently, the American Recovery and Reinvestment Act of
2009 was appropriately supportive of the National Science Founda-
tion and the DOE Office of Science, and yet in NASA the only
science discipline that received substantial funding was earth
science. And then it provided only partial recovery from the disas-
trous decline in funding that had occurred in the previous decade.

Now, as a practicing space scientist, and someone who through-
out much of my career has been concerned with science policy, I
can find no logic in the judgment that NASA science is of less im-
portance than other scientific disciplines. And in my written testi-
mony I have discussed the impact each of the disciplines of NASA
science has had on society, and most important on our nation’s fu-
ture. These arguments can be repeated for many different science
disciplines, and they are no less compelling for NASA science.

Now, NASA science asks and is attempting to answer the most
fundamental human questions. What is our place in the cosmos?
Are we alone? NASA science is revealing the wonders of our own
solar system and the resources it may hold for us. NASA science
is attempting to understand the controlling body of our solar sys-
tem, the sun, and the space environment through which we fly our
satellites and send our human explorers. NASA science is attempt-
ing to make it possible for humans to live and work in space. And
NASA science is attempting to answer the single most important
question of our age. What is the future of the climate of the earth?
And what are we as humans doing to it?

We need to recognize that space has become part of the under-
lying infrastructure of our civilization. We have weather satellites.
We communicate through satellites. Particularly the visual images
of television that bring to each of us an awareness unprecedented
in human history of what is happening everywhere in the world at
all times. We have global positioning satellites which help us fly
our airplanes and find our way in automobiles. We have remote
sensing satellites that provide high resolution images from around
the world. All this is simply part of the basic infrastructure of our
civilization. We do not particularly marvel that it is available. We
assume it will be and we think no further about it.

Indeed, when we consider the impact of space on our society we
have to look no further than the global interconnections that have
flourished in the last few decades. We live in a global economy.
Corporations are multinational. Manufacturing and trade are
worldwide. Countries that in previous generations might have been
suspicious enemies are now dependent upon each other for re-
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sources and for marketplaces for their manufactured goods. This
has had a very real, stabilizing effect on world peace because de-
tailed knowledge of what is happening everywhere in the world re-
duces fear and makes possible the full engagement among societies.

We need to recognize that space is an integral part of our foreign
policy. Our activities in space have profound impact on the image
of our nation and provide extraordinary opportunities for us to be
strategic leaders in a world that is increasingly judging space to be
important.

The peoples of the world are increasingly dependent upon space
for their basic activities in their everyday lives. There are space
races developing in Asia. And every nation that wishes to gain re-
spect as an important player on the world stage has concluded that
they need to acquire a recognized space capability.

The United States has an opportunity to be a strategic leader in
this worldwide effort to become a true space faring civilization and
provided that we lead not by dominance but rather by example,
and in cooperation we will realize our destiny as a great nation ca-
pable of making the world better for all the world’s peoples.

At the foundation of our space activities is science in NASA.
Science often provides the initial reason why we explore a new re-
gion of space, or even a new region of the electromagnetic spec-
trum. The technology developed for space, for scientific exploration,
enhances our other space activities and finds its way into our econ-
omy. The youth of our nation are inspired by the brilliance of our
scientific achievements in space and encouraged to pursue careers
in science and engineering.

The people of the world ask the same fundamental questions that
we do about our place in the cosmos. They expect the United States
as a great nation to use its capability in space to enlighten. The
people of the world are frightened by the pending changes in our
climate and they expect the United States as a strategic leader to
ensure that we create the capabilities in space to observe and to
understand our changing climate.

We invest in scientific research because it provides a foundation
of knowledge on which we depend to advance our civilization. We
invest in space because it is essential to the future of our nation,
for the stewardship of our planet, and for the growth of our econ-
omy, and for our position as a world leader. It follows very simply,
then, that the science of space, which is space and earth science in
NASA, is as important to our nation’s future as is any other sci-
entific discipline.

I will be happy to answer any questions you might have.

[Written statement by Lennard A. Fisk follows:]
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TESTIMONY BEFORE THE HOUSE COMMITTEE ON APPROPRIATIONS
SUBCOMMITTEE ON COMMERCE, STATE, JUSTICE AND RELATED AGENCIES

THE PLACE OF NASA SCIENCE IN THE OVERALL SCIENCE ENTERPRISE

Lennard A, Fisk
University of Michigan

March 3, 2009

Mr. Chairman, members of the subcommittee, thank you for inviting me here to testify today.
My name is Lennard Fisk, and I am the Thomas M. Donahue Distinguished University Professor
of Space Science at the University of Michigan. I also served from 1987 to 1993 as the NASA
Associate Administrator for Space Science and Applications, and until last July as the Chair of
the National Research Council Space Studies Board. The testimony I am giving today is on
behalf of myself.

There have been several legislative initiatives recently that have treated science in NASA as less
important to the nation than our other scientific pursuits. The highly acclaimed National
Research Council report, Rising Above the Gathering Storm, which called for substantial
investments in the physical sciences, was effectively silent on NASA. The legislative initiatives
that followed from this report, e.g., the America Competes Act, did not focus on NASA science,
The recent American Recovery and Reinvestment Act of 2009 was appropriately supportive of
the National Science Foundation and the DoE Office of Science, yet in NASA the only science
discipline that received substantial funding was Earth science, and then it provides only a partial
recovery from a disastrous decline in funding that occurred during the previous decade.

As a practicing space scientist, and someone who throughout much of my career has been
concerned with science policy, I can find no logic in the judgment that NASA science is less
important. In later sections of this testimony, I discuss the impact that each of the disciplines in
NASA science has had on society, and its importance to our nation’s future. These arguments
can be repeated for many different science disciplines, and they are no less compelling for
NASA science.

NASA science asks and is attempting to answer the most fundamental human questions: What is
our place in the cosmos; are we alone? NASA science is revealing the wonders of our own solar
system, and the resources it may hold for us. NASA science is attempting to understand the
controlling body of our solar system, the Sun, and the space environment through which we fly
our satellites and send our human explorers. NASA science is attempting to make it possible for
humans to live and work in space. NASA science is attempting to answer the single most
important question of our age, what is the future of the climate of the Earth, and what impact are
humans having upon it.

We need to recognize that space has become part of the underlying infrastructure of our
civilization. We have satellites that provide data for sophisticated forecasting models to predict
the weather throughout the world. We communicate through satellites, particularly the visible
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images of television that bring to each of us an awareness, unprecedented in human history, of
what is happening everywhere in the world at all times. We have direct broadcasting that brings
the television signals directly into our homes. We have global positioning satellites, which help
us fly our airplanes, let us find our way in automobiles. We have remote sensing satellites that
provide high-resolution images from around the world. All this is now part of our basic
infrastructure as a civilization. We don’t particularly marvel that it is available. We assume it
will be and think no further about it.

Indeed, when we consider the impact of space on our society, we have to look no further than the
global interconnections that have flourished in the past few decades. We live in a global
economy. Corporations are multinational. Manufacturing and trade are worldwide. Countries
that in previous generations might have been suspicious enemies are now dependent upon each
other for resources, and as marketplaces for their manufactured goods. This has had a stabilizing
effect on world peace. Detailed knowledge of what is happening everywhere in the world, and
the ability to share that knowledge, reduces fear and makes full engagement among societies
possible and routine.

We need to recognize also that space is an integral component of our nation’s foreign policy.
Our activities in space have a profound impact on our image as a nation, and provide
extraordinary opportunities for us to be strategic leaders in world that is increasingly judging
space to be important. The peoples of the world are increasingly dependent on space for basic
activities in their everyday lives. There are space races developing in Asia, and every nation that
wishes to gain respect as an important player on the world stage has concluded that they need to
acquire a recognized space capability. The United States has an opportunity to be a strategic
leader in this worldwide effort to become a true spacefaring civilization, and provided that we
lead, not by dominance, but rather by example and in cooperation, we will realize our destiny as
a great nation, capable of making a better world for all of the world’s peoples.

At the foundation of all our space activities is science in NASA. Science often provides the
initial reason for why we explore a new region in space, or even a new region of the
electromagnetic spectrum. The technology developed for scientific éxploration enhances our
other space activities, and finds its way into our economy. The youth of our nation are inspired
by the brilliance of our scientific achievements in space, and encouraged to pursue careers in
science and engineering. The people of the world ask the same fundamental questions that we
do about our place in the cosmos, and they expect the United States, as a great nation, to use its
capabilities in space to enlighten. The people of the world are frightened by the pending changes
in our climate, and they expect the United States, as a strategic leader, to ensure that we create
the capabilities in space to observe and to understand the climate, and predict its future.

We invest in scientific research because it provides the foundation of knowledge on which we
depend to advance our civilization. We invest in space because it is essential to the future of our
nation, for the stewardship of our planet, for the growth in our economy, for our position as a
world leader. It follows, therefore, that the science of space, space and Earth science in NASA,
is as important to our nation as any other scientific discipline.
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The following sections discuss each of the science disciplines of NASA —Astrophysics, Planetary
Exploration, Heliophysics, Life & Microgravity Science, and Earth science —and the
contributions that it has made, why each is important to our nation, and some of the challenges
they are facing,

Astrophysics

The Space Age has had a profound impact on our society and how we view ourselves as humans,
how we relate to each other, how we reflect on our place in the cosmos. For most people, 1
suspect, the change in attitude, the penetrating new insight, followed from the historic picture of
Earth taken by the crew of Apollo 8 en route for the first time to the Moon, Earth is beautiful,
isolated in the cold darkness of space. We look fragile. Who would not conclude that we have a
responsibility to protect our home, to ensure that it remains a safe haven for us in the
inhospitable cosmos?

For others there was a profound awakening when Voyager, leaving the Solar System, turned its
cameras to look back and see the planets, including Earth, as mere dots of light. How vast space
is; how alone we are, at least in our local neighborhood.

Of most importance, there has been the steady drumbeat of astronomical discoveries. Space is
the ideal location from which to observe the universe. Our atmosphere shields us from many
forms of radiation, and even in visible light, which does penetrate through the #tmosphere, it can
be distorting. And so from virtually the beginning of the Space Age, the spacefaring nations of
the world have launched ever more sophisticated astronomical observatories, and greatly
expanded our knowledge of the universe, and greatly expanded the questions we can ask, and
can expect eventually to answer.

We have observed the remnant radiation from the Big Bang that began our universe. We have
found that the universe is continuing to expand, driven by a force that we don’t yet understand.
We have discovered that there is matter in the universe, a lot of it, which we can’t yet observe.
We have seen galaxies forming at the beginning of the universe, and stars forming in our own
galaxy. We have discovered planets around other stars, many of them, so many that it is ever
more likely that there are other earths and perhaps other civilizations comparable to our own.

We have generated marvelous images from our great observatories peering into the universe in
all the different wavelengths of light. The public, in many cases, cannot fully understand the
scientific discoveries enabled by these images. But they have no difficulty in marveling at the
beauty and the majesty of the universe, and its unfathomable vastness. The Copernican
revolution of the early 16" century displaced Earth and thus humans from the center of the
universe, showing that we are just another planet orbiting the Sun. I doubt the public of that time
paid a great deal of attention, but the Copemican revolution ultimately affected society and its
attitudes, even religion.

We are in the midst of another such revolution, which in time will have equally profound
consequences. As the vastness of the universe becomes known and appreciated by all, and how
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common are our planetary circumstances, we become ever more insignificant. But perhaps we
will view that insignificance in the most positive light—that our tensions and conflicts, which are
our constant, everyday concern, are truly insignificant in the grand scheme of the cosmos.

Planetary Exploration

We have also explored our own solar system, revealing the wonders and the opportunities it
contains. Before the Space Age the planets were observed, with only very limited resolution, by
telescopes. Now we have been to them all. Depending upon where you stand on whether Pluto
is a planet, we will be there shortly also. It has been a systematic process. First fly-bys that
produced many surprises. Then orbiters about many of the planets——Venus, Mars, Jupiter and
Saturn, with a Mercury orbiter currently underway. And in the case of Mars, there have been
landers with their rovers that roam the surface, and look for water and maybe life.

The epic journey of exploration of the Space Age has been the Voyager spacecraft, which visited
Jupiter, Saturn, Uranus, and Neptune, and now the two Voyagers are en route out of the Solar
System, both having crossed the termination shock of the solar wind, where the supersonic
expansion of the solar atmosphere, the solar wind, goes subsonic and begins the process of
merging into the local interstellar medium.

There has been unprecedented excitement in the discoveries of each planetary mission. The fly-
bys were events that the public stayed up and watched. The rovers on Mars have been adopted
by the public, and followed on the internet with each new canyon and rock formation that is

explored.

In the United States and elsewhere in the world we are witnessing a fascinating difference among
the generations as to what is impressive. To the older generations who witnessed Apollo, human
space flight is impressive. The astronauts were true heroes. However, to the younger generation,
who are steeped in technology, who vicariously participate in all sorts of adventures through
their computers, rovers on Mars are more impressive. The rovers are based on the latest
technology. They are doing something we have never done before. And wouldn’t it be better
still if the younger generation could drive them themselves?

Heliophysics

We have also learned much during the Space Age about our Sun and the space environment it
creates, and in which we live. Last year was the 50™ anniversary of the seminal paper by Gene
Parker, which predicted that the outer atmosphere of the Sun, a million-degree plasma, would
expand supersonically into space creating a solar wind. Parker’s paper was highly controversial
at the time, nearly rejected by the journal. It took the first interplanetary mission, Mariner 2, in
1962 to prove definitively that Parker was indeed correct. The atmosphere of the Sun expands to
fill a large region of space, to carve out a heliosphere from the local interstellar medium. We
now know from Voyager that the supersonic flow of the solar wind extends to 100 times the
distance from the Sun to Earth. Along the way, the solar wind impacts the magnetic fields of the
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planets and creates dynamic magnetospheres around cach of the planets that has a strong
magnetic field.

The engine of the space environment of the Solar System is of course the Sun itself, Before the
Space Age, the Sun was viewed as a relatively benign object, a constant source of light and
energy, on which we depend for life. With the advent of space observations in many different
wavelengths of light, the true character of the Sun has been revealed. Its surface and lower
atmosphere are a cauldron of dynamic processes, driven by strong magnetic forces that can eject
large amounts of high-energy particles, and at times large amounts of matter, which can affect
Earth and other planets.

This is the space environment through which we fly our satellites, and hope some day to fly
humans. It is not a friendly place. It is a place where damage can be inflicted on our
technologies, and if we are not careful, death inflicted on our human explorers. We have made
much progress in documenting the range of conditions that can occur in our immediate space
environment. We have made only limited progress in predicting the conditions in space. Yet, if
our societies wish to make maximum use of the opportunities that space provides, we will indeed
need a reliable predictive capability.

The Sun is a cyclic object. It has an 11-year cycle in its activity. Its magnetic polarity flips
every 11 years, for a 22-year magnetic cycle. The causes of the cycles, their length, the strength
of the activity, all these are only primitively understood, and not reliably predicted. Yet there is
evidence of the imprint of these cycles on life on Earth, through means we do not understand.
As we sort through the undeniable impact of humans on the climate of Earth, we need to make
sure that we understand all the natural forcing functions, and can predict their occurrence and
their impact.

Life and Microgravity Science

During the 50 years of the Space Age, we have also taken the first feeble steps in learning to live
and work in space. The efforts to use the space environment, particularly the microgravity
environment, to do research that has application on Earth, has for the most part been an
unfulfilled promise. It can be argued that this unfulfilled promise results from the lack of flight
opportunities, Missions have been few and of relatively short duration. The ISS, which is
designed to provide the opportunities to pursue this research, is only now being completed.

What we have done, however, over these 50 years, is learned to live in space and to construct
things there, which has established the usefulness of humans in space. We have demonstrated
that humans can remain in weightlessness for extended periods. Since this experience has been
within the protective shielding of Earth’s magnetic field, and thus relatively free of radiation, the
radiation hazard of space and its consequence for humans, and whether weightlessness and
radiation together are a serious complication still remain to be determined.

Perhaps the most impressive feature to date of the ISS is that it has been built, It is the fruit of
cooperation among many spacefaring nations; an extraordinary construction project in which
many different pieces of hardware had to come together and be assembled on orbit. We have
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certainly proven that we can work together as spacefaring nations to achieve an impressive
accomplishment.

Earth Science

Finally there is Earth science. No other science discipline has had more direct impact on society
than Earth science. And space has made that impact possible. We have passed through a tipping
point in the past S0 years, to where now our everyday activities, our use of natural resources, are
having a global impact on the future of the planet. The sustainability of Earth to support human
life is in question. This is a global problem. And the global perspective of observations from
space is required to understand what is happening to Earth; what our future holds.

We have also learned, strongly influenced by the global perspective provided by space
observations, that Earth is a highly coupled system. The atmosphere, the oceans, the cryosphere,
the land surfaces, the biosphere are all coupled, in an intertwined system, in which complex
feedback mechanisms are possible. Understanding Earth, and what we as humans are doing to it,
is not an easy problem. It does not do any good simply to say that Earth is warming as a result of
fossil fuel emissions, That is certainly so. But the knowledge that is required is: what are the
regional consequences? How will precipitation patterns change, or growing seasons? Exacily
how much will sea levels rise? A foot makes a big difference.

It will take many observations from space, and much of the world’s scientific talent to
understand exactly how Earth works, and to predict exactly what we as humans are doing to it;
and to monitor and evaluate our efforts to protect the future of the planet, should we ever be so
wise as to engage in a serious effort to avoid the pending catastrophe.

In the late 1980s NASA made a serious effort to embark on a major program to make
comprehensive observations of Earth, and to support the science needed to understand the
observations, with its multi-billion dollar Mission to Planet Earth. That program has been
largely abandoned under the same government policies that treated the human influence on the
climate as an uncertainty. The perceived economic consequences of any meaningful response
was considered to be so overwhelmingly negative that ignorance of what our future holds is a
preferred state.  Generations to come will not be kind to us that we treated the future
sustainability of the planet in so cavalier a fashion.

At least we can say that one of the most important impacts of space on society is that space has
provided the basis for our growing human awareness that we are highly interdependent. What
China does to the atmosphere affects the United States. What the United States does to the
atmosphere affects Europe. What we all do to heat Earth affects the polar regions. And so on.
Most of us know this. Most of us came to this realization because of the global perspective of
Earth that has been provided by space observations, Most of us would like to see wise decisions
being made to protect that fragile globe that we saw from Apollo 8, and be sure that it remains
our hospitable home in the hostile and lonely environment of space.
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Mr. MOLLOHAN. Thank you, Dr. Fisk. Dr. Rankin.

Mr. RANKIN. Thank you, Chairman Mollohan, Ranking Member
Wolf, and Committee members. I thought what I would try to do
is give a little bit of an idea of what I think is the culture of the
interaction between NSF and the scientific community.

The National Science Foundation is the only federal agency that
supports basic research across all fields in engineering, and all lev-
els of science and engineering education. Although the agency’s an-
nual budget represents only 4 percent of federal R and D, it pro-
vides nearly half the support for non-medical basic research at col-
leges and universities. The main source of federal support for basic
research at colleges and universities in the fields of mathematics,
social sciences, non-medical biology, and computer science, comes
from the NSF, as well as over 40 percent of support in the physical
sciences, engineering, and the environmental sciences. Through the
Directorate of Education and Human Resources the NSF supports
activities that ensure a diverse, competitive, and globally engaged
science, technology, engineering, and mathematics work force.

An interesting number here is that the NSF invests over 90 per-
cent of its budget directly to support research at colleges and uni-
versities, in all fifty states. This support reaches over 2,000 institu-
tions and nearly 200,000 researchers, post-doctoral fellows, train-
ees, teachers, and students every year. NSF receives well over
40,000 grant proposals each year, making over 11,000 awards,
mostly to individual investigators at colleges and universities and
other public and private institutions. Through its merit review
process NSF identifies the best ideas and the people to develop
these ideas, who through their work advance the frontiers of
knowledge in science and engineering.

There are six Research Directorates and one Education Direc-
torate. Most of the funds for research are allocated to investigators
through these directorates. Research proposals are received as a re-
sponse to solicitations issued by disciplinary divisions within these
directorates and NSF offices (few offices also distribute funds), or
an individual investigator can submit an unsolicited proposal. In
either case, the proposal goes through a merit review process which
assesses the intellectual merit of the proposed project and the
broader impacts of the project.

It is through the directorates that the science and engineering
disciplinary communities have most of their interaction with NSF.
In fact, over 45,000 scientists and engineers serve on merit review
panels or as proposal reviewers each year, and therefore have di-
rect impact in setting standards for research. NSF also derives
input from disciplinary communities through directorate and advi-
sory committees, and committees of visitors. Advisory committees
provide advice on program management and performance as well
as input on the impacts of policies, programs and activities in the
disciplines that are funded through the directorate. Committees of
visitors provide input on the quality and integrity of program oper-
ations and program level technical and managerial matters per-
taining to proposal decisions, and comments on how the outputs
and outcomes generated by awardees have contributed to the at-
tainment of NSF’s mission and strategic outcome goals.
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This characteristic of continuing interaction with the science and
engineering disciplinary communities allows NSF to keep abreast
of research in disciplinary fields, understand the needs of the sci-
entific community, and be responsive to it. Conversely, the science
and engineering disciplinary communities believe that they are an
integral part of the process in helping move U.S. research and in-
novation forward. This includes those investigators making trans-
formational discoveries to those scientists and engineers estab-
lishing the needed infrastructure that makes scientific discovery
possible.

Community involvement has served the NSF well over the years,
as research supported by the NSF has had a tremendous impact.
Many new products, procedures, and methods have accrued from
NSF investments in basic research, research performed over many
years and not always predetermined toward a specific application.
Society, unaware for the most part of how basic research impacts
daily life, enjoys many benefits from NSF investments. These bene-
fits include products such as Google, the favorite internet search
engine; magnetic resonance imaging, MRI, used widely to detect
cancer and internal tissue damage; geographic information sys-
tems, used by businesses, police departments, governments and
others to respond to natural disasters, reduce crime, provide better
services to customers; and many others.

The NSF investments have enabled the U.S. to build a scientific
infrastructure second to none, facilitated revolutionary research
that pushes the frontiers of knowledge, and laid the groundwork
for innovation that has been important to the U.S. economy and a
high quality of life. Thank you.

[Written statement by Samuel M. Rankin III follows:]
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The National Science Foundation (NSF) is the only federal agency that
supports basic research across all fields of science and engineering and all
levels of science and engineering education. Although the agency’s annual
budget represents approximately 4 percent of the total federal budget for
research and development, it provides nearly half of the support for non-
medical basic research at colleges and universities. The main source of
federal support for basic research at colleges and universities in the fields of
mathematics, the social sciences, non-medical biology, and computer
science comes from the NSF as well as over 40% of support in the physical
sciences, engineering, and the environmental sciences. Through the
directorate of Education and Human Resources, the NSF supports activities
that ensure a diverse, competitive, and globally engaged science, technology,
engineering, and mathematics workforce. '

NSF invests over 90% of its budget directly to support research at colleges
and universities, in all 50 states. This support reaches over 2000 institutions
and nearly 200,000 researchers, postdoctoral fellows, trainees, teachers, and
students every year. NSF receives well over 44,000 grant proposals each
year, making over 11,000 awards, mostly to individual investigators at
colleges and universities, and other public and private institutions. Through
its merit review process, NSF identifies the best ideas and the people to
develop these ideas, who through their work advance the frontiers of
knowledge in science and engineering,

There are seven research directorates at NSF. Most of the funds for
research are allocated to investigators through these directorates. Research
proposals are received as a response to solicitations issued by disciplinary
divisions within directorates and NSF offices or an investigator can submit
an unsolicited proposal. In either case, the proposal goes through a merit
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review process which assesses the intellectual merit of the proposed project
and the broader impacts of the project.

It is through the directorates that the science and engineering disciplinary
communities have most of their interaction with NSF. In fact, over 45,000
scientists and engineers serve on merit review panels or as proposal
reviewers each year, thus having direct input in setting research standards.
NSF also derives input from the disciplinary communities through
directorate advisory committees and committees of visitors. Advisory
committees provide advice on program management and performance as
well as input on the impacts of policies, programs, and activities in the
disciplines that are funded through the directorate. Committee of visitors
provide input on the quality and integrity of program operations and
program-level technical and managerial matters pertaining to proposal
decisions; and, comments on how the outputs and outcomes generated by
awardees have contributed to the attainment of NSF's mission and strategic
outcome goals.

This characteristic of continual interaction with the science and engineering
disciplinary communities allows NSF to keep abreast of research in the
disciplinary fields, understand the needs of the scientific community, and be
responsive to it. Conversely the science and engineering discipline
communities believe that they are an integral part of the process in helping
move U.S. research and innovation forward. This includes those
investigators making the transformational discoveries to those scientists and
engineers establishing the needed infrastructure that makes significant
discovery possible.

Community involvement has served the NSF well over the years as research
supported by the NSF has had a tremendous impact. Many new products,
procedures, and methods have accrued from the NSF investments in basic
research - research performed over many years and not always pre-
determined toward a specific application. Society, unaware for the most part
how basic research impacts daily life, enjoys many benefits from NSF
investments. These benefits include products such as Google, the favorite
internet search engine; Magnetic Resonance Imaging (MRI), used widely to
detect cancer and internal tissue damage; Geographic Information Systems,
used by businesses, police departments, governments, and others to respond
to natural disasters, reduce crime, and provide better services to customers;
and, many others.
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The NSF investments have enabled the U.S. to build a scientific
infrastructure second to none, facilitated revolutionary research that pushes
the frontiers of knowledge, and laid the groundwork for innovation that has
been important to the U.S. economy and a high quality of life.
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THE GATHERING STORM

Mr. MoLLOHAN. Thank you, Dr. Rankin. Dr. Fisk, this morning
we had testimony from Dr. Cicerone that indicated quite positively
that NASA science was a science of equal quality of any of the
sciences that are included in the competitiveness agenda, or that
were recommended in The Gathering Storm Report. He indicated
with not much other explanation that the reason for NASA being
left out was that the Report was developed quickly. There has been
a bipartisan effort to double the funding for NSF, NIST, and the
DOE Office of Science. Should NASA science receive commensurate
increases?

Mr. Fisk. Yes. It would be good to do that. And I think you
should always treat NASA science in the context of the space pro-
gram as a whole, too. I mean, we should not lose sight of the fact
that science is the foundation on which the Space Program is built.
And so we also have to recognize the lack of adequate funding that
the Space Program has received at the same time. You remember
that on many occasions, and when I testified to this Committee
earlier, when I was on the Space Studies Board we kept pointing
out that NASA is asked to do too much with too little. And so there
is a correction to the Space Program that is required. But in terms
of the science that is in NASA, it is as important, and if we judge
as a nation that we are to increase the scientific investments that
we make, which is very much in our nation’s future, then NASA
science deserves to be there with everyone else. We can argue
whether it is a factor of two or a factor of whatever you like, but
the increases are required. Because we cannot, we are not accom-
plishing today what we could accomplish in the NASA science pro-
gram.

Mr. MOLLOHAN. And as you allude, that should not be a zero sum
game within NASA funding. NASA funding overall would be——

Mr. Fisk. That is correct. I think it is important that it is not
a zero sum game within NASA or within the NASA science dis-
ciplines. I mean, it is not a matter that you take from one and give
to another. It is a matter of recognizing the importance of this sci-
entific activity to the nation and supporting it in such a way that
it contributes what it needs to contribute to the national endeavor.

Mr. MoOLLOHAN. NASA science includes a wide range of science
disciplines, including Earth science, astrophysics, planetary
science, solar terrestrial physics, microgravity, and life sciences, as
well as astronaut health. As you look at the current funding for
NASA, are these different fields in relative balance? And if NASA
science receives increases, should the disciplines receive them in
the ratios as they are funded today?

Mr. Fisk. No, I do not think so. Let me give you a fairly com-
plicated answer to that, if you give me just a moment to talk about
it.

Let us take planetary, astrophysics, solar terrestrial physics.
They had planned their programs on a larger amount of money
than they are now receiving. I mean, they were in the past, in the
nineties and others, tracking the growth in non-defense discre-
tionary spending. And then that was curtailed when NASA was
forced to make decisions about keeping the Shuttle flying, and
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building the rocket to go to the moon within their limited budget.
But there is an opportunity to do so much more and important
things in those programs.

The other two programs that you mentioned, Earth science and
life science and microgravity. Those programs have suffered far
more disproportionately compared to the other science disciplines
over that same time interval. In the case of Earth science, let us
sort of review the bidding there. In the late eighties, early nineties,
NASA embarked on a major program in Earth science—the Earth
Observing System, Mission to Planet Earth, to really provide a
comprehensive set of satellite observations of what the future of
the planet would be, to make policy decisions on. In the mid nine-
ties, a decision was made to curtail that program within NASA and
transfer the main observing of Earth to NOAA and the NPOESS.
And NPOESS, as you know, has been a major national embarrass-
ment, a disaster. It is overbudget and it is not performing accord-
ing to spec. And the climate measurements are hanging on by a
thread, there.

And then at the same time, the Earth science program, starting
in about 2000 within NASA began a serious decline to where as it
is now essentially a $500 million per year short of what it was even
in 2000, within the NASA budget. So you now have an Earth
science program for the country and a climate monitoring system
for the country which is inadequate to meet the national need to
understand the climate and what we are doing to it. We are de-
pendent upon three aging satellites that were left over from the
original Earth Observing System. They are still operating, but they
are well beyond their design life. And there are very few other re-
search missions that are underway. So that is a program that has
suffered disproportionately separate from the space science.

In the case of life science, in many ways it is an even more egre-
gious case. We refer to the life science and microgravity science
within NASA as NASA committed scientific genocide. It essentially
destroyed a community that it was planning to use, in microgravity
in particular and life science to a lesser extent. We are not really
planning to use the space station and that was the community for
the U.S. activities. And that community was dependent on the
space station that, and the grants program, and the research pro-
gram that went with it. And so that is a community and a program
that has suffered even more strongly than Earth science.

So if I rank these things, astrophysics, solar terrestrial physics,
planetary, they need support. They need to grow. There are many,
there are things that they need to do, they are planning to do. They
need to be put back on a slope that they were on, which was the
basis for the program that they were anticipating. In the case of
Earth science, we have a national need to restore that program so
we get what we need. In the case of life science and microgravity
it is a decision we should make as a country as to whether or not
we really are anticipating long duration human space flight, in
which case we had better do the basic research necessary to do so.

Mr. MoLLOHAN. Thank you, doctor. Dr. Rankin, following the
Rising Above the Gathering Storm Report there has been a bipar-
tisan effort to double the budgets of NSF, NIST, and DOE Office
of Science. What effect is this having on NSF programs, and what
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are your expectations for the impact of the $3 billion provided in
the American Recovery and Reinvestment Act?

Mr. RANKIN. Well when these bills, like the American Competes
Act were first passed, I think everyone was very excited about the
statement that NSF funding should be doubled over the next ten
years. However, a lot of us remembered that we also had a dou-
bling bill in, I think, fiscal year 2002 that was supposed to double
NSF’s budget from 2003 to 2007. And I do not think we ever even
started. So in the last few years we actually have not gotten, even
though things looked good up to the final game, in the end much
of the increase that we were anticipating along the way. So we
have not had a chance to actually think about how it would be if
we doubled the budget until now when we have received this $3
billion all of a sudden.

I know one thing that the money, the $3 billion input into NSF,
has done, is certainly build up the excitement and the morale, not
only in the scientific community but actually, I think, at NSF as
well. I think it will be an effort for the NSF to get this money out
the door but I believe they can. I think most of the pressure will
be more at the administrative end of getting the grants out the
door than actually the program officers deciding who gets the
grants. Because giving grants is a positive action rather than a
negative one. When you are turning someone down it is a lot hard-
er to turn someone down than it is to actually give a grant.

So given that they have all this money I think there will be a
lot of new people coming into the pipeline, which will be good. I
think there will be a number of young people that will be able to
enter the grant pipeline through this funding that previously were
doing good enough research but because of the funding levels were
not supported.

So I believe overall this is going to be very, very important for
science funded by the NSF and the scientific community. I believe
a lot of good research will come out of this. My only concern about
all this is what happens when this money goes away in the next
few years? Will we be able to fund these folks that are in the pipe-
line, will we be able to fund them continually if they are doing good
enough research?

Mr. MOLLOHAN. I am sure members want to know more about
that, and will follow up in other questioning. Mr. Wolf?

Mr. WoLF. If we had given science all the money we gave AIG,
can you imagine how they would be doing? Is there anyone who is
mentioned to be head of NASA? Are there any names circulating
that you are hearing?

Mr. Fisk. All T know I read on NASA Watch or something like
that. No, it is, I mean there are a number of newspaper stories.
But I have no data on.

NASA ADMINISTRATOR

Mr. WoOLF. Does it hurt NASA? The fact that there is not an ad-
ministrator ready to come up.

Mr. Fisk. I think it does. I mean, we are all very excited about
the major policy shifts that are happening in our country at the
moment. There are certainly many things going on at the moment.
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And NASA needs to be at the table when these decisions are being
made, and when, frankly, when the money is being passed out.

Mr. WoLF. Right.

Mr. Fisk. And the person who is running NASA at the moment,
the Acting Administrator, is a very capable person, it is Chris
Scolese. But he is not the Administrator, and that is not the same.

Mr. WoLF. How serious is the competition from China? And we
had asked the question earlier in the day, would it make an impact
if China beat us back to the moon? And what are the ramifications
with regard to China and space, and their military use of lasers?

Mr. Fisk. In the case of China, I mean, I think what we should
avoid, let me put it this way. Let us not repeat the Cold War and
have some sort of a race to someplace we have already been. I do
think there must be an opportunity here. We live in a globalized
world that most, so many things are manufactured in China that
we buy, and so on.

Mr. WoLF. Too many.

Mr. Fisk. So it is a very different world than we used to live in.
And somewhere within that globalized world there must be an op-
portunity for the United States to be a strategic leader in all of
space activities, and to somehow include other nations, other space
faring nations in the activities in such a way that all of us benefit,
and it is not a Cold War, zero sum, we win, you lose sort of activ-
ity. That would be my preference, if we could do that.

Mr. WoLF. Well, that may be a little difficult with China.

Mr. Fisk. It may.

Mr. WoOLF. Yes.

Mr. Fisk. It may.

Mr. WoLF. Without getting into the reasons. But I mean, a lot
of China’s technology they now have because they spied on us and
so it is different with other countries. But what are the concerns
with regard to the funding, or the decrease of funding, with regard
to aeronautics? It seems to me that we are falling behind, or are
we falling behind? And what has the impact been on the failure to
fund aeronautics to the degree that many think it should be fund-
ed, with regard to NASA. What does that mean with regard to jobs,
technology, keeping ahead, America?

Mr. Fisk. You know, like any good university professor I will an-
swer a question on any subject, including ones I do not know that
much about. But let us——

Mr. WoLF. Well aeronautics, I mean, NASA is, that is the word.
It is not just, that is pretty important.

Mr. Fisk. Well I am just, I am trying.

Mr. WoOLF. Unless we are going to shut down the Jet Propulsion
Laboratory out in Pasadena and doing some of those things. Aero-
nautics is really important for the nation, and important for jobs
and everything else.

Mr. Fisk. Yes, I am going to get there. But here is what has hap-
pened in the space agency over the last decade or so, or eight years
or so. You, NASA, was directed to go build a rocket to go back to
the moon and was not ever given the money necessary to do that.
And so you have within the budget all of these sacrifices that were
made. Somebody made a decision. You can argue whether it was
the right decision or not. But the consequence as, as we mentioned,
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life science and microgravity, gone. Or really, reduced. Aeronautics,
a fraction of what it was when the vision was first announced. I
mean, back in 2004, 2005. And there are consequences for those
kinds of budget cuts. You do not do the things that the agency was
charged to do, which is to help with the research necessary to have
a competitive aeronautics industry in the United States. That was
its job. And you cannot do it at one-quarter of the budget, which
is basically where the budget for aeronautics went from back in the
early part of 2000 or so to where it is now.

Now I think everyone was delighted who cares about the aero-
nautics program within NASA that it was included in the stimulus
bill. And it is my recollection it was a $150 million increase in aero-
nautics, which in effect doubles the research budget of the aero-
nautics program of NASA. It is a huge impact. It will be a very
similar question to the NSF question. Was that a blip? Or is that
a reset? If it is a reset, then there is an opportunity to bring the
aeronautics program back to what it should be.

Mr. WoLF. Well I was, I should not do this but I am going to do
it anyway. If you look at the long term numbers, the money just
is not going to be there. And it is unfortunate. Our entitlements
are eating up the spending. I had mentioned to the witness earlier
today that there is a movie out which I will get you a copy called
IOUSA, put out by David Walker, who was head of GAO. I think
in the year 2030 every dollar of taxpayer money that comes in will
go for Medicare, Medicaid, social security, and interest on the debt.
Nothing for cancer research, nothing for NSF, nothing for research
on autism, on Alzheimer’s, nothing on education, on math or
science.

So the nation I want it to be, I have always supported the
sciences. I think it is a job creation. I think it is an opportunity.
I think America ought to be, but you know, it is the, the reality
of it is unless there is a dramatic change by this institution and
by the governing authorities it will not be there because it almost
cannot be there. China holds one out of every ten of our dollars.
And Hilary Clinton went over to China and was literally with a tin
cup begging the Chinese to buy our paper, and yet not raising the
issue of human rights and religious freedom. Because there is great
pressure that we need China to buy our paper. So I am not sure
it is going to be there.

The other thing, and maybe you can just comment, and Mr.
Rankin I will get you in the second round. I think space is exciting.
I can remember, you know, John Glenn and Shepard, and we all
knew. When they went up we all knew who they were. We would
stop where they were. In the classroom the teacher would have the
television on. I would just challenge, on the last space shuttle, to
name the names of the astronauts. And I would venture to guess
that some could. You could. Most people would not even know who
they were. And I think there has been something missing. So hope-
fully the next Administrator will be somebody who will be aggres-
sive, can lay out the excitement and the importance whether it be
on aeronautics, earth science, space, whereby. And I think do what
President Kennedy did. And maybe here is where I will differ with
you, that America will be competitive and we will do everything we
can, and we will work to be number one wherever it may be. Be-
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cause if we are not number one, probably the Chinese will be num-
ber one. And they are using their laser technology and others for
things that are not very good for the world.

So I think that is part of the problem. We just have not really,
you know, it is not like Glenn and Shepard. And do you have any
comments?

Mr. F1sk. You know, I think there is, you are right that the ex-
citement of the sixties is not being repeated. But I think the thing
we should never lose sight of is that so much has happened in the
space program since the sixties, and so on. We have created a
space program that basically is part of our national future, part of
our national infrastructure. I mean, we are completely dependent
upon space as a nation. Our military requires space. Our economy
is very dependent upon, the globalization of the world is dependent
upon space. These are all issues that have happened while we were
thinking about the astronauts. But meanwhile we have created a
space endeavor in this country which is broadly based and ex-
tremely important to both our economy and our national future.
And that is the space program we need to recognize today.

Now, just so you do not misunderstand me about competition
with the Chinese. I am a great believer that the United States
should lead by example and in cooperation. By leading by example
means we had better be the best.

Mr. WoLF. I agree. And in closing, not a question, I saw a figure
that we had 95,000 people in the space program, government em-
ployees and contractors. And China had over 200,000. If those
numbers are accurate, and I am going to ask my staff to check it
out and we will put them in the record, that is very bad for our
country. I thank you for your testimony.

Mr. MOLLOHAN. Thank you, Mr. Wolf. This is a good opportunity
to state the Committee policy about calling on witnesses lest the
audience, let alone members of the Committee, think that I have
any bias toward our fine minority brethren on the Committee. We
call upon members in order of seniority up until the time the hear-
ing starts, and then in the order of members’ arrival after that.
And so in following that policy, which we follow and I think most
Subcommittees follow, Mr. Bonner.

Mr. BONNER. Thank you, Mr. Chairman. As the newest member
of the Subcommittee, and the most junior member of the Sub-
committee, I appreciate this opportunity. It pays to get here earlier.
As Chairman Serrano will note, when I was on his Subcommittee
last year I tried to get to the hearings early and often so that I
could have this opportunity. I appreciate it. I will be brief.

I asked the previous witness earlier today a question and I would
like to pick your brains as well. And Mr. Wolf alluded to the fact
that we all remember, or those of us old enough to, some of our
guests today are too young to, but we remember sitting around our
TV sets and literally stopping what we were doing to watch as
NASA answered President Kennedy’s challenge in the earlier
1960’s. And yet, today we seen distressing numbers about interest
in young people with math and science. What are we missing?
What do we need to do? At what age do we need to prick the curi-
osity of young minds? And what role can NASA specifically play in
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helping to challenge young people to think beyond the current mar-
ket opportunities?

SCIENCE EDUCATION

Mr. Fisk. I am sure you are going to weigh in on this one as well,
I hope. The, let us take NASA. I mean, you are absolutely right
that we remember the astronauts, we remember John Glenn. And
of course I am, I suspect I am older than you are because Sputnik
to me was the thing that got me going in the world here, and chal-
lenged me to a, go into science and engineering, and the American
response to it, obviously.

Now, it is very hard to reproduce those kinds of singular events.
I mean, the world was, we were in the middle of a Cold War. The
Russians were challenging us on all sorts of fronts. This was con-
sidered to be a challenge of significance. And we responded as a
country and people were excited about doing that. I mean, like
many people of my age, I remember being called in by my guidance
counselor and being told, “You can add and you can subtract. You
need to be, your country needs you, you need to be an engineer.”
And I said, “Well, I thought I wanted to be a scientist.” He said,
“Well, that is probably as good.” But in any event.

Now we cannot reproduce that. But I think, with the space pro-
gram, there are three things that space is supposed to do for you,
I think. One is the inspiration. It is that same inspiration that says
we do challenging things in space. We make exciting discoveries in
space. And it can mean not just astronauts. It can be rovers on
Mars and it can be the Hubble Space Telescope, and a variety of
other thing which our technically literate generation has great ap-
preciation for. We, in fact, even note in the space business that the
younger generation is actually, seems at times to be more excited
about the technology, you know, rovers and things, than they are
about astronauts. And it has to do with the fact that in their every-
day lives they experience through their computers and their
iPhones and other things, vicariously all sorts of pleasures. And
they can imagine being there with the rovers themselves.

NASA only has to be successful to do that. It has to do things.
The second one is more direct. All the products of NASA need to
get into the K through 12. I mean, they need to, the teachers need
to have access to this. They have to be able to use them in the
classroom in the inspirational way.

And the third one is more focused on the aerospace workforce,
which is NASA has a very important role to play in the education
of the aerospace workforce. Now, here you catch them later in life.
You catch them when they are in college, and when they are in
grad school. And you train the next generation of the truly tech-
nical people that we are going to depend upon for our space pro-
gram, and we use NASA, NASA resources, NASA supported uni-
versities to be able to do that.

Mr. RANKIN. I will just speak a little bit about the education
issue. I think that kids are very, at least little kids that I have
seen, are pretty inquisitive. And somehow we knock a lot of that
out of them by the time we move them through school. Mathe-
matics, for example, is something that kids need and all of us need
to a certain extent. It is a discovery kind of thing, but I do not be-
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lieve in school that they see it that way. A lot of math is taught
by rote, or, this is the way you do it rather than working with kids
to let them discover things.

I think the best situations, or at least the times I have seen,
where there is success with kids learning elementary level mathe-
matics is when they are doing some discovery along with some rote
learning. You do have to have some automaticity—this is a word
that means you should be able to multiply, for example, two by
three and get six. I mean, you ought to be able to do that. But on
the other hand, that is not the only thing you want to do. And if
that is all you practice all the time, your multiplication algorithms,
for example, then you are probably not going to like math very
much. But if you understand how math can be valuable to you,
even in your young adult life, you will start paying attention to
math and find value in it.

And I think one of the things that may keep kids from going into
mathematics and science is that they do not realize that in order
to get to science you have to know some mathematics, a basic level
of mathematics. If you do not know this, and if you don’t figure this
out until the ninth grade, then you have no chance of going into
science or mathematics. So I think getting kids interested in math
early on is important.

Another way that we can help show this importance, not only
though, but there are also lots of other discoveries that are made
through science and mathematics. I believe the more that we can
promulgate information about these discoveries and how science is
involved, everyday things, for example the cell phone, or your com-
puter, going on the internet, is important. It is science and mathe-
matics. Yet, how many people really know this? And so, if we had
a campaign to put out this information, and I think the NSF is
starting to think about how to put out more information about
some of the discoveries that are made under NSF funding, this is
a way to help the general public understand that there is some-
thing good for society in funding science.

Mr. BONNER. Mr. Chairman, I know I do not have time for an-
other question. But to close with Dr. Rankin’s point. I have a thir-
teen-year-old daughter and an eleven-year-old son. And I can as-
sure you that if they thought every time they wished for a Black-
berry, or a cell phone, or a new video game, that that technology
was a product of NASA or NSF, or one of the other, I think it
would renew their interest in math and science and help their ail-
ing father try to help them be better math and science students.
Thank you.

Mr. MOLLOHAN. Thank you, Mr. Bonner. Mr. Aderholt.

PRICE OF NASA MISSIONS

Mr. ADERHOLT. Thank you, Mr. Chairman. It is good to be here
with you and our guests here today. Thank you for being here.
Much of the cost that is associated with NASA missions seem to
be tied up in costs associated with getting a science payload
launched into the orbit. Some estimates put those costs as high as
$10,000 per pound. The question is, how do the current costs of
launching science payloads into space limit our nation’s scientific
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agenda? And how would a significant reduction in the cost of
launching payloads into space benefit NASA’s science programs?

Mr. Fisk. There are a couple of answers to that. One of the prin-
ciple cost growths in recent years has been on the launch vehicle
side. And that is driving costs, making it less possible to do, to use
your science budget to get science. There are fewer missions you
can fly within the budget envelope you are stuck with.

It is true, though, that the launch vehicle cost as a fraction of
the mission cost is still reasonably low. In other words, the science
satellite itself, and the data analysis and so forth that will come
from it, is still a much bigger cost. In other words, we do not
launch cheap missions on top of rockets. So the percentage cost
saving that you can get for the total mission, simply by reducing
the launch cost, is not insignificant but it is not major because of
the cost of the satellite itself.

But you say, “Well, why are launch vehicles costs going up?”
Well, they are going up in large part because we do not fly very
often. The launch vehicles providers are forced to maintain a infra-
structure for the occasional purchase of a launch vehicle. And that
makes the cost per vehicle much higher than it would be if you had
a lot of launch vehicles being purchased. So, you know, to some ex-
tent, you know, the limitations on the science budget of NASA have
reduced the number of missions, which have in turn driven up the
cost of the launch vehicles, which has made you reduce the mis-
sions even a little more. Because the cost of the launch vehicle is
not just putting that vehicle together. The cost of that launch vehi-
cle also includes maintaining all of the infrastructure to be able to
build the launch vehicle. If you purchase only one a year, you still
had to maintain the factory and the workers that were capable of
doing this thing. And therefore, your cost per vehicle has been
going steadily up.

Mr. ADERHOLT. Do you think there are basic science and engi-
neering questions that remain unanswered regarding space trans-
portation? If so, do you think that implementing a basic scientific
research program focused on making progress on the unanswered
science questions associated with space transportation is appro-
priate for the federal government?

Mr. Fisk. The rocket equation is the rocket equation. We are not
going, we are not going to necessarily invest something new to do
something. I mean, in some ways our rockets look a lot like the
ones Wernher von Braun built in the forties. It is always possible
to make improvements in, particularly in the reliability of rockets,
and the cost savings associated with them. That is worth an invest-
ment because you do not have a space program unless you can get
to space. And this is true on the military side, it is true on the
NASA side. And so we are dependent upon the reliability of our
launch vehicles, the costs of our launch vehicles. And, the lower we
can make this, the more reliable we can make this, the better the
nation is in so many regards.

And so that is worthy of a federal investment. I do not think that
we should expect some magic breakthrough that comes from that.
It will be an incremental improvement on launch vehicles that we
have been building systematically since the beginning of the space
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program. Because of the, the basic technology is there. You can
make it better, you can make it more reliable, and we should.

Mr. ADERHOLT. Okay. Thank you, Mr. Chairman.

Mr. MOLLOHAN. Thank you, Mr. Aderholt. Mr. Culberson.

Mr. CULBERSON. Thank you, Mr. Chairman. Thank you very
much for your testimony. I am, as everyone on this Committee is,
committed to doing all that we can to support the sciences, the Na-
tional Science Foundation, NASA. If it were possible to split out
just that piece of the stimulus, Mr. Chairman, that pumped money
into NASA and the National Science Foundation I would happily
have been able to vote for that part.

This testimony you are giving us is vitally important, and I
wanted to zero in on two areas and get your comments. Number
one, of course I agree completely with you that the Bush adminis-
tration did not adequately fund the goals that they set for NASA.
They set this ambitious agenda out there and then did not provide
the money through the Office of Management and Budget. That
was a bad problem. That coupled with the, what appeared to be
some unrealistic cost estimates on a lot of major flagship missions
that inevitably they had cost overruns because the initial estimates
were inadequate, did not help. And in particular the, I wanted to
first of all ask about an area of astronomy, for example.

DECADAL SURVEY

The decadal survey, which is the, as we all know, the survey
done every ten years among scientists to tell the Congress which
projects are the most important and which should be funded, ap-
parently the, I am looking at an article from the Journal of Science,
January 30, this year, the top priority from the 1991 survey, an in-
frared satellite observatory called Spitzer did not fly until August
2003. And virtually all of the cost estimates in the 2001 survey
turned out to be too low. Quoting from the article, “So this time
officials at the U.S. National Science Foundation, NASA, and the
Department of Energy want the numbers to stick.” Are you famil-
iar, either one of you, with what the agencies are doing to try to
make sure that we do not lose some of these missions and they get
realistic cost estimates that the Subcommittee and the Congress
can rely on?

Mr. Fisk. Yes, I am familiar because of my previous role as the
Space Studies Board Chair. The agency, remember the decadal sur-
veys are an academy document. They are generated by the Na-
tional Research Council.

Mr. CULBERSON. Right. But used by this Committee and the Con-
gress——

Mr. Fisk. Absolutely.

Mr. CULBERSON [continuing]. And the agencies, as we should.

Mr. Fisk. Absolutely. But in terms

Mr. CULBERSON. As a roadmap.

Mr. Fisk. But the cost estimation, NASA provides numbers but
the academy has got to do a better job than it did in previous sur-
veys in making sure those numbers are realistic. So in the Astro
2010, which is the next astronomy survey, just now starting, the
Academy will in fact engage official cost estimation processes, in-
dustrial models, for being able to predict more reliably what the
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costs are going to be. It is not easy. Because you are always dealing
with a mission that really is not that well defined. I mean, no one
has agreed to go ahead with this mission. It is basically something
that is intended to be started within the decade. And so, the plan-
ning process is early. And that gets you almost inherently into
trouble.

But we, it should be possible to actually bracket more effectively
the costs than was done in previous surveys. There was the most
egregious case, as you noticed, the astronomy survey, in 2001.

Mr. CULBERSON. Yeah, the Webb, the Webb Telescope.

Mr. Fisk. That is correct.

Mr. CULBERSON. Which is a great instrument, and it needs to fly.
But the cost overruns are just unbelievable. It has gone from I
think, what is it, about $1 billion to maybe about $4.5 billion before
it is through.

Mr. Fisk. Yeah.

Mr. CULBERSON. And, you know, and an example also for the
Subcommittee of a project that is at the very top of the decadal sur-
vey list that has hit every, I believe, cost estimate, hit every target,
met every goal, is the Space Interferometry Mission out of Jet Pro-
pulsion Laboratory, the SIM Mission, where they, which is so vital
to allow the next generation of space telescope to identify habitable
planets. We have got to fly it. Yet, you know, Griffin and NASA
kept trying to chop it. This Subcommittee restored it and I thank
the Chairman and the Ranking Member for their help with it.

We are committed to making sure that the decadal survey mis-
sions get flown. We do want to make sure, the Subcommittee, I
know, wants to make sure that we are getting realistic cost esti-
mates so we know that the, we will do whatever we can to avoid
these cost overruns. In fact, the Science article points out that the
National Science Foundation is going to hire cost contractors who
will independently estimate the cost of the various proposals. It
says Marcia Rieke, an astronomer at the University of Arizona, so
you basically have an outside check and balance on some of these.

Mr. Fisk. It is not the NSF. It is the National Research Council,
I think.

Mr. CULBERSON. That prepares the decadal survey?

Mr. Fisk. Yes.

Mr. CULBERSON. That actually prepares the decadal survey.

Mr. Fisk. Yes.

Mr. CULBERSON. We, I think I would also like to ask, finally, Mr.
Chairman, your advice and guidance as I am going to move for-
ward. I volunteered earlier in the previous hearing and I am going
to put this together as a proposal for the whole Subcommittee to
look at. A mechanism for recommending to the Congress and the
Appropriations Committee a level of funding for the National
Science Foundation, NASA Science, and maybe we need to include
NIH at some point. But start with the sciences, NASA Science,
NSF. It seems to be we ought to have an outside panel of experts,
scientists, unrelated to, with absolutely no political influence out-
side of the administration, to give us a budget recommendation.
Because I frankly do not trust OMB. I do not care who is the Presi-
dent. They, the bureaucrats at OMB are not scientists and they are
driven by forces other than science. And they do not, I do not even
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know if they even pay attention to the decadal survey. And it
would be nice to have as a Subcommittee an objective, realistic es-
timate of what the National Science Foundation and Science at
NASA actually needs from an outside source that we would then
use as a starting point for the work of this Subcommittee. Thank
you, Mr. Chairman.

Mr. MOLLOHAN. Thank you, Mr. Culberson. We are pleased to
welcome back to the Subcommittee Mr. Serrano who was its Rank-
ing Member I think for four years, or six years?

Mr. SERRANO. Six years.

Mr. MOLLOHAN. Six years, three congresses. Served the Com-
mittee extremely well during a period when Mr. Wolf was the
Chairman of the Subcommittee.

Mr. SERRANO. And Mr. Rogers.

Mr. MOLLOHAN. And Mr. Rogers. Thank you. Welcome to the
Subcommittee, José. Mr. Serrano.

KIDS INTERESTED IN SCIENCE

Mr. SERRANO. Thank you, Mr. Chairman. Thank you so much,
and it is a pleasure to be back. Joseph Michael Acaba, Joe Acaba.
So this is in answer to Mr. Wolf's comments that we do not know
who the astronauts are any longer. If you have an agenda like I
do, you do know that name. Because a couple of years ago I sat
next to you, Mr. Chairman, and I said to the NASA Administrator,
I said, “You know, we live in a society, for good or bad, where eth-
nic and racial pride and community pride are very much a part of
who we are. And how nice it would be for children in Puerto Rico
and in the Puerto Rican community throughout the fifty states to
see someone who identifies with that community.” So maybe the
Committee had something to do with it. Joe Acaba is assigned to
the crew of STS-119, as Mission Specialist Educator, tentatively
scheduled to launch on March 12, 2009 to deliver the final set of
solar arrays to the International Space Station. Just remember
that name. Anyway.

What I wanted to talk about was brought up by a lot of mem-
bers. And that is this whole issue of how to get young people inter-
ested in the sciences. And the exciting way to do it, I think, in
many ways, is through space travel. And I thank NASA, in
absentia, for the fact that they work in the Bronx, New York and
the schools and do a lot of work in this area. But the public dis-
course on space programs tends to take a tone of days gone by, as
if the public’s interest in space technology had waned since the
days of Apollo. I would be interested to hear your thoughts on how
NASA'’s space and science programs might go about reestablishing,
or repositioning their programs, in a way that remains relevant to
everyday Americans. And are there ways to further bridge the gap
in terms of how space science relates to issues such as climate
change and green technology? The short answer may be that we
have gotten so used to spaceships taking off that we no longer
think it is a big deal. And Mr. Wolf is correct, when we were
younger this was a big issue. And you remember these names, and
you really rooted for them. So is there a way to bring that feeling
back? Is there a way to get Americans to pay more attention and
be interested in it? And is there a way to begin to tie in to space
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Eraveol with all the other sciences and the research that has to be
one’

Mr. Fisk. I think there is. It is NASA and our national leaders,
and all that must participate in this process. I live in Michigan. I
live in the middle of the country, right? And now Ann Arbor is a
special place. But five miles out of town there are normal people.
And if you ask them about NASA they say, “Oh, are they not going
to the moon? Did we not do that?” You know. “Why are we spend-
ing money on that?” And they do not recognize how much of their
everyday lives are in fact touched by space. And we need very
much to somehow do that. To communicate that thought. I mean,
there are the famous stories about, you know, I think it was a con-
gressman who said to someone from the Weather Service. You
know, why do I need the satellites? I get my forecast from the

Mr. MOLLOHAN. Now, come on. Come on. That was not a con-
gressman.

Mr. Fisk. It is an urban myth.

Mr. MOLLOHAN. That was not a congressman.

Mr. Fisk. It is an urban myth. But——

Mr. SERRANO. It is the same congressman who asked me about
currency from Puerto Rico one day.

Mr. Fisk. But the point I think is that we do not recognize how
pervasive civil space is. Now, the issue of climate change, which is
of serious concern to the entire world, we will understand climate
change and what it is going to be and what humans are doing to
it, and what we should be adapting to, and what we should be wor-
rying about, only through space. I mean, period. I mean, it is a flat
out statement. You need the global perspective of space to be able
to do that. So everyday lives are going to be influenced. And we
have to keep telling people. It is your space program that is doing
this thing. It is not an accident that this is happening. I mean, this
is not something that is different from your space program. This
is what your space program is doing. It is doing climate change. It
is creating new technologies. It is answering basic human ques-
tions. It is doing all these things.

That is why the science program at NASA actually has great im-
portance. Because it touches the lives far more directly than simply
going to space with humans, which is very important to the future
of the country, and all those good things. But the everyday lives
are more touched by the science program of NASA than any other
program.

Mr. SERRANO. So is it that it has lost its novelty?

Mr. Fisk. I think there is some of that.

Mr. SERRANO. Or we have gotten used to such technological suc-
cesses that we do not think it is that important anymore?

Mr. Fisk. I think we do not recognize where things come from.
I mean, and I think that is all our faults. Because we do not re-
mind people that is what it is that is happening. And it is, you
know, essentially your government supporting an activity which is
benefitting your lives, and we should talk about those things. But
I also think the agency has its faults here as well. Because in an
effort to command the resources necessary to do the things that
they think they were directed to do, like human space flight, they
have put more of their emphasis on that than, and not recognized
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that in fact the other parts of the program are what are really im-
pacting people.

Mr. SERRANO. Yes.

Mr. RANKIN. I would just say that, looking at young people today
they have different ideas about things. And I do not know that it
is actually reasonable to think that they are going to go back to the
1960’s and have the same feeling we had when we shot the space
rocket up in the atmosphere. But there are lots of things that are
affecting everyone. And I think it will affect younger people even
more so because they are just now coming through life. Climate
change is one thing that has already been mentioned. But energy
conservation is another, and clean water is another. And it seems
to me that these are the kinds of things that people could get inter-
ested in, especially if they see how these things could possibly af-
fect them in negative ways if we do not look at these areas and
think about how to improve our situations. So I think I would sug-
gest that we try to find the things that are happening today that
might be on the minds of young people. A lot of young people these
days are interested in conservation and ecology and things like
that. And I think we can take advantage of these kinds of things,
and there is science behind all of these. You know, you can always
find science and mathematics in all of these endeavors.

Mr. SERRANO. I would agree, and that was my point. To get them
interested in the space program by understanding what role it
plays in the other issues that they are interested in now. Thank
you, Mr. Chairman.

Mr. MOLLOHAN. Thank you, Mr. Serrano. Mr. Schiff.

Mr. ScHIFF. Thank you, Mr. Chairman. I was going to raise a
similar point. But before I do, Mr. Chairman, I saw you on the
NBC Nightly News last night. Apropos of your original comments
today, there was segment on the changing face of America. It fo-
cused on a Latino family in Wisconsin. But in profiling the chang-
ing face of America they showed your face, and Nydia Velazquez.
Did you happen to see that?

Mr. SERRANO. No, I did not.

NASA SCIENCE

Mr. ScHIFF. Yeah, NBC Nightly News, Brian Williams. You
know, Dr. Fisk, I appreciate very much your testimony today. And
the case you make for NASA science. I am not sure we are diag-
nosing the problem correctly, though. And, because I have wrestled
with this, too, with the view that NASA is a luxury that we cannot
afford in difficult times. I think there is the same fascination of
when we were kids with the manned space flight. I mean, I see it
reflected in different ways. I see it reflected in the billions of hits
on the website when the Mars rover lands and starts roving. I see
an interest, you know, not only here but around the world. But
somehow that interest seems to get lost between there and this
Capitol, and the White House.

And I think there are two scientific questions that are really the
preeminent questions that not only the American people but every-
one has. Probably the first is, what can science do to improve my
health and the health of my family? That is probably the most
pressing scientific question that people have. But only second to
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that, I think, is the question are we alone? And when I, you know,
read your testimony, Dr. Fisk, and I read statements like this. “We
have observed the remnant radiation from the Big Bang that began
our universe. We have found that the universe has continued to ex-
pand, driven by a force that we do not yet understand. We have
discovered that there is a matter in the universe, a lot of it which
we cannot yet observe. We have seen galaxies forming at the begin-
ning of the universe and stars forming in our own galaxy. We have
discovered planets around other stars, many of them. So many that
it is ever more likely that there are other earths and perhaps other
civilizations comparable to our own.”

How can you fail to be fascinated by that? And I do not know
what we need to do differently. But people are inherently inter-
ested in that question. And there is no more popular person I bring
to my district than an astronaut. And the interest is out there. You
know, I labor, like we all do on this Committee, to justify our
NASA expenditures in other ways, and tell people, “Well, your cell
phone technology came from NASA. A lot of improvements in medi-
cine came from NASA.” But I think that the, you know, the fas-
cination with space and with the fact we may not be alone is the
most powerful driver. You know, it is the old kind of exploring fron-
tier ethic. And I think we need to find a way to make sure that
is not lost between there and here.

Mr. Fisk. I could not agree more. There are so many dimensions
to that problem from my thinking. I have this belief that the
United States chooses to be a great nation and has a reason for
that. That is our destiny. And I considered it one of the responsibil-
ities of a great nation to try and answer some of these basic human
questions. So there is that dimension to it.

This is innate in us. We have been asking those questions in
some form since the beginning of civilization. I mean, this is a basic
set of human questions we try and answer. And you can fascinate
people. I mean, even those people in Ann Arbor and outside of Ann
Arbor I can fascinate with those kinds of conversations. And you
say, “Now why is it that that does not come through somehow
when we get closer to the Treasury?”

I do not know. We do not have some great spokesman, particu-
larly. You know? I mean, every now and then I wish Carl Sagan
were still alive. We need people who somehow personify this. It is
not just an esoteric thing. There is a face that goes with this when
we think about this. And we have not created those kinds of
spokespersons in our society that people can identify with when
they ask the questions. I mean, they can be fascinated by the dis-
cussion but they want to have the discussion with a person. And
that may be in some ways what we are missing more than any-
thing else.

PLANETARY DECADAL SURVEY

Mr. ScHIFF. Let me ask you just a follow up on a very small sub-
set of space science issues. NASA recently decided on the sequenc-
ing for the outer planet flagship missions. Europa, followed by
Titan. That order, I think, is consistent with the planetary decadal
survey, which has always ranked Europa as the highest priority.
Nonetheless there has been this continuing debate, at least in the
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past. Are we settled now on Europa? Can we go forward and not
have to keep revisiting this?

Mr. Fisk. Yes, the answer is I think so. That is a question you
probably ought to direct to NASA. I mean, the debate has been
going on. Europa was highest in the decadal. Enceladus, you know,
came from behind and was looking promising. And but I, all I know
on that subject is what I have been told. And I think the debate
has been settled but I, yeah.

Mr. CULBERSON. They just completed the survey.

Mr. Fisk. Right.

Mr. CULBERSON. They picked Europa.

Mr. ScHIFF. Thank you, Mr. Chairman.

Mr. Fisk. Good choice, by the way.

Mr. CULBERSON. Yes.

Mr. MOLLOHAN. Thank you, Mr. Schiff. Mr. Honda.

FINANCING SCIENCE AT AGENCIES

Mr. HoNDA. Thank you, Mr. Chairman. And welcome, and
pleased to hear your thoughts and your testimony. It is refreshing.
And I know that a lot of comments have been made about costs
and money and comparing one thing to the other. But I think that
we have to look at the history of how we finance all this stuff and
how we finance it and how we budget it is really a reflection of our
values. And we have a chance now to look at it again. And in that
context, and perhaps this question was asked before I got here, but
in the context of the change in the possibility of looking at rear-
ranging some of our programs and priorities, what would be your
recommendation as to reshaping, revamping, refocusing on this
whole area that we look at when we think about NASA, NOAA,
and the other agencies?

Mr. Fisk. The, Congressman Wolf asked me earlier about the fu-
ture and the budgets and so forth, and whether the country could
afford it. I guess I have a point of view, too, that says we invest
in science and technology because the only hope for the future of
the country, and for our civilization, and for our economy, is the in-
vestments in science and technology were made so that we will in
fact benefit from it. Our economy will expand, our civilization will
be better off, and we will survive as a planet and a civilization.

And so the investment is not an option. It is essential to the fu-
ture. And the question is how much investment do you need? I
think we all recognize that the investment that has been made to
date is inadequate. And that the growth in our economy and the
growth in our standard of living and so forth will require a larger
investment in science and technology. And then you sort of work
your way down. I mean, the NSF had a plan that says, you know,
they need to double. And they are well on the way to that, I think,
with the budgets and so forth. And NASA is the same, the space
program is equally as essential to our future in the broadest sense,
not just the science portion. And the science portion within it, in
the sense it is of growing importance to the space program because
it is the part of the space program which touches people’s lives
more directly these days than other parts. Aeronautics as well.

And so you basically say, what you want to have happen is this
reset. The stimulus package was not a blip, but it was a reset. And
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in the case of NASA it was under what it should have been to be
even a blip. It needs to be a bigger blip, and then it needs to be
a reset so that there is a continuation of this investment. And I
think that is what you have accomplished with your stimulus pack-
age. You have corrected the problem from the past, the under-
investment. But now there has to be a continuity that extends that
into the future so because science is not done in a year. I mean,
the investment is not going to be done at the end of October 2010.
The question is, is how do you go forward from that making the
investment necessary to have the economy grow, the civilization be
better off? And that is what we need to do?

Mr. HONDA. The opportunity to do this is here. And having spo-
ken with the previous witness the question came up, with all these
agencies dealing with science and research, whether it is earth
science, oceanographic, NOAA, space, they are all related. And it
does not seem that we should be dividing them up and trying to
see which is a priority but rather see how they work together so
that the information comes together in a sensible format so that we
say we are getting the most bang for our bucks. And then also, you
know, commercializing it in different ways.

But looking at our budget in the future, is there a group out
there that can look at this approach and recommend a way to fund
our programs adequately so that we can be aligned and on time on
the core mission of each agency, and also provide the information
necessary to, you know, move things along.

Mr. Fisk. I think it is going to vary somewhat from discipline to
discipline. In disciplines that are contained in an agency, astron-
omy from space is contained in NASA. There is astronomy in the
NSF but it is more research and ground based astronomy. They
need to work together, but to some extent. So when the decadal
survey, which was mentioned earlier, is done by the Academy, it
plans for everybody. It plans for NASA, it plans for the NSF, it
plans for the Department of Energy, which participates in the na-
tion’s astronomy program. And that gives you an answer to what
you should do in that particular discipline.

Earth science is always the outlier because it touches so many
different agencies. We have a decadal survey in earth science,
which is a National Academy document. But it deals primarily with
NASA and NOAA. It does not deal with the Department of Energy,
it does not deal with USGS particularly, or only to some extent,
and so on. And so you need to, and the government has done co-
ordination in the past on these issues, usually done through the Of-
fice of the OSTP, the Science Advisor. And so to some extent the
coordination on earth science, so that all the agencies play in a pro-
gram that is able to do the nation’s things. That has to be, I think,
one of the most effective things is to ask the President’s Science
Advisor to do as we have in the past, to give you that kind of co-
ordination. And essentially present to you, as the Appropriations
people, this is what is required for this agency to play in the na-
tional science program. That was actually done in the eighties and
the nineties, and has been done less so recently.

Mr. HONDA. Right. I think that we were trying to starve them,
or we were not adequately funding them, so.

Mr. Fisk. Yes.
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Mr. HONDA. To answer a question on a personal basis about in-
terest in science and space. I thought about that really for a mo-
ment. And it seems to me that we probably have, this is not a slam
against TV or anything else like that, or light pollution. But it
seemed to me that ancient people had done a lot of staring at the
skies and wondering. And through generations it seems to me that
they came up with the idea of astronomy, math, science, timing,
and things like that, even came up with the concept of zero. Per-
haps we do not look in the skies enough to touch that part of our
humanness of wondering. Are we alone?

Mr. Fisk. Yes. I think there is a lot to be said for that.

Mr. HONDA. Yes. Well, thank you very much for your testimony.

OFFICE OF SCIENCE

Mr. MOLLOHAN. Thank you, Mr. Honda. Mr. Rankin, Dr. Rankin,
following longstanding practice the Office of Science at the Depart-
ment of Energy funds high energy physics and nuclear physics, al-
though the current focus of research in these fields is basic re-
search addressing fundamental questions such as the nature of
matter and the fundamental forces of nature. Is this appropriate?
And does this placement of an area of fundamental research in an
agency other than NSF result in an overemphasis in this area? Or
any other concerns?

Mr. RANKIN. I personally do not see a concern with it. I mean,
this kind of thing happens all the time. I know when I was a pro-
gram officer for a while at AFOSR and I used to collaborate with
folks at NSF in funding folks to do research. So I actually look at
it as a positive thing, that it is a way of leveraging money. If both
agencies have support for the same area of research then it is a
way that they can collaborate or share funding of various projects.
And in that sense make their money go further, and have more
people involved in the research.

I would suggest that program officers should try to collaborate
and let each know what the other is doing and who is being fund-
ed. Sometimes this happens on the program officer level automati-
cally. I mean back when, as I said, when I was at AFOSR I just
worked with another program officer over at NSF and we knew
that we had certain people that were applying to both agencies. So
we decided to split the cost and that way he could use half his
money for something else and I could use my half for another in-
vestigator.

Mr. MOLLOHAN. Thank you. Dr. Fisk, what is the status of space
biology and space physical sciences at NASA?

Mr. Fisk. The space biology, I mean, both space biology, the
physical sciences and the microgravity environment, those sorts of
things, they were of course transferred into the Exploration Office,
Exploration Systems Mission Directorate, ESMD. It has not been
a happy time for them there because that office’s primary responsi-
bility has been to build the Aries launch vehicle, and Orion, and
so on. And there has been a systematic scale back. I mean, that
was my earlier comment. It was only a few years ago that during
one September basically all the grant program was canceled and
500 scientists, post docs, or graduate students and undergraduates
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were laid off. And so there has been a tremendous scale back that
occurred in those disciplines.

Would I have made the same decision? I mean, it is hard, it is
hard to say. I mean, you cannot get to space, you do not need these
programs. But you need a rocket to get to space. You go through
that argument that says, well, building the rocket is the priority
when you have limited funding. But the consequence is your long
term future.

First of all, why are you going to space if you are not planning
to use it in some ways, whether it is in the microgravity environ-
ment, or if you are not planning to have humans be able to live
and work in space? And that requires some discoveries in basic re-
search and biology. This is not, we do not know enough today to
say that the human can go into space for long duration space flight
in a radiation environment, which is what would be required if we
are going to the moon, going to Mars, going someplace else. We do
not know enough to do that today. And it will be basic research
which gives us that and that program has suffered more than any
other science discipline within NASA.

Mr. MoLLOHAN. Well, and without those programs or that study
at some point you would not know the challenges, and you would
not know how to deal with them. Is this a matter of timing? Are
these issues that can be put off to another day because

Mr. Fisk. They can to some extent. We have obviously been to
the moon and we can get there. We know we can get there and you
can spend three days, or whatever it is. And there is a partial grav-
ity on the moon if we are wandering around there. We are not so
clear about the radiation environment that will also be an issue on
the moon, and so on. So you are going to need this.

But I think there is another thing that just is not recognized in
this. You do not turn science disciplines on and off like a faucet.
And basically, particularly in the life science and the microgravity,
or life science in particular and microgravity to a somewhat less ex-
tent, the best and the brightest in that field have choices as to
what they do. If you are a space, if you are doing space biology you
may be also working for the NIH on basic human health issues. If
you are doing microgravity in space you may be a material scientist
that is working with the NSF or the Department of Defense. So
NASA turns you off. And in fact, in some cases, NASA not only
turned people off they forced them to lay off their graduate stu-
dents precipitously. Those folks are not coming back. They said
enough of this.

Mr. MOLLOHAN. What is the consequence of that?

Mr. Fisk. I sense if we are really serious about doing this re-
search and you want to turn this back on because we need the an-
swers, we are going to have to rebuild again. You are going to have
to go out and convince people. I mean, to some extent, some of
these people treat this like Lucy and the football, you know? You
teed me up once and you, and this is not a new event for NASA.
They have had this community go up and down over time. You put
the football there and you go to kick it, and you pull it away. They
are not Charlie Brown. They are not going to come back and try
again. And I think, you know, the first thing that is going to have
to happen when somebody says yes we really needed that answer,
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is somebody is going to proactively have to, and it is going to be
a sales job. They are going to have to say, okay, why are you seri-
ous this time that you were not serious the last time, or the time
before that?

Mr. MOLLOHAN. Well, what is your recommendation in this re-
gard? And what is the timing?

Mr. Fisk. I think the damage is done to some extent. I guess I
am troubled by the fact that we built the Space Station and we do
not plan to use it. And, you know, the number of NASA experi-
ments on the Space Station is very small. Basically, the Europeans
and the Japanese are having a wonderful time, and we are doing
less and less. We do not have a community that does this thing.
And so, it seems to me that was a bad choice.

BUDGETARY DECISIONS

Mr. MOLLOHAN. Is that driven by a budgetary decisions alone?

Mr. Fisk. Strictly budgetary, it is basically, we cannot afford it.
And we have ended up in a somewhat silly position. Basically we
have to fly the Shuttle to finish the Space Station because of our
international commitments. The Shuttle money is coming out of
the rest of the NASA program and we cannot afford to use the
Space Station. And you say, gee, tell me again why that was? If
you tell NASA you have $17 billion, and these are all the things
you have to do, and this is your highest priority, you know, namely
replace the Shuttle, what else are you going to do? I mean, you are
going to make these choices. But the, there are long term con-
sequences for those near term decisions. And it would be wise if
somebody, especially if we are trying to redress some of this money
that is available, that somebody says, hey, maybe it is not too late.
Call that guy up, you know, that you fired and laid off and don’t
have him

Mr. MOLLOHAN. Well, if you were to do that, there would have
to be corresponding decisions you would have to make with regard
to station and access to station.

Mr. Fisk. Right.

Mr. MoLLOHAN. What would those be?

Mr. Fisk. Well, we continue to fly the shuttle until 2010. And we
have resupply contracts now in place. There are two competitors
who have been awarded contracts to fly autonomous ELVs to the
space station, not the shuttle, for resupply.

We are going to be dependent upon the Russians as it is now.
And while the gap still exists until an American launch vehicle is
available, we are not abandoning the space station.

Mr. MOLLOHAN. No, we’re not.

Mr. Fisk. We are just not using it.

Mr. MOLLOHAN. We are not abandoning it. But transportation is
a real limiting issue here, is it not? Would you be able to turn on
microgravity and space biology research, as you suggested, before
being able to access the station in ways other than——

Mr. Fisk. Yes.

Mr. MOLLOHAN [continuing]. Resupply?

Mr. Fisk. I don’t think that is so much the issue. There is an
issue of down mass, which is the question of bringing things back
from. You know, if you do experiments on the station you may
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want to bring something back. And so you would have to make
sure that the resupply that you have is safe.

But there are going to be people on the station. And those people
can do this research if there are payloads. And you will have to
ask, you know, can I get—make sure I get the payloads there? But
I—and, you know, you really have to ask NASA the question. But
my understanding is that the resupply that is being—has been con-
tracted for has the capability to take experiments up there, not just
stuff, you know, supplies.

Mr. MOLLOHAN. Okay, thank you.

Dr. Rankin, in the President’s budget, he speaks of encouraging
exploratory and high-risk research through NSF. First, let me ask
you in the peer review process is there a tendency at NSF toward
conservatism?

Mr. RANKIN. Well, I think that can happen.

Mr. MOLLOHAN. Is it typical? Is it a defining characteristic of the
peer review process?

Mr. RANKIN. I don’t know that I would say it is a characteristic.
I think—I have heard NIH folks mention this quite a bit more than
I have folks from NSF. But I think it is natural in times when
money is tight that people want to make sure they spend the
money well. Although that doesn’t mean that they actually do all
the time. But I think the peer review process has worked pretty
well at NSF.

Over 180 Nobel Prize winners have at one time in their career
received NSF money. I have mentioned some of the innovations
that have come from NSF Support, and there are many other inno-
vations. This means that at least the process is picking good people
working on good science.

I think if you are talking about doing transformative research, 1
think we have to make—I think it would be good if the NSF direc-
tor would create a culture of that within the agency. And I think
it should start with going down to the directorates. This is where
it is going to happen and with the program officers. Maybe there
has to be some training of program officers of how to work with the
community to build this idea of transformative research. But I
think it can be done.

Mr. MOLLOHAN. But it is not necessarily there now?

Mr. RANKIN. Well, yes, there has obviously been transformative
research.

Mr. MOLLOHAN. No, there has been. But people are concerned
about this. And they are talking about it, and——

Mr. RANKIN. Well, I think because there is so much money now
that is coming in. I think generally the scientific community is wor-
ried that we are sort of stuck in a rut and that we need to move
forward with new discoveries.

I think what the rhetoric is about is that we want to create an
environment where we are looking at these high-risk projects. But
calculate the risk and see if they are worthwhile. If the projects are
worthwhile and we can pick the right people to work on these, then
I think it is probably something we ought to do.

Mr. MOLLOHAN. If it becomes a policy directive so to speak and
money is associated with it, you are suggesting that the adjustment
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to the extent NSF would have to make an adjustment through the
peer review process wouldn’t be something that——

Mr. RANKIN. I think, they could—I think they should have infor-
mation sessions where they talk to reviewers, but I think program
officers need to go through this as well, because the program offi-
cers in the end make the final judgement. They take the advice of
the panels or the reviewers, but in the end they make a rec-
ommendation based on these reviews. But there may be other
things that program officers know about that causes them to make
a different kind of decision.

Mr. MOLLOHAN. Thank you. Mr. Wolf.

Mr. WoLF. I'll pass, Mr. Chairman.

Mr. MOLLOHAN. Mr. Aderholt. I'm sorry, Mr. Culberson yes. I
thought you left.

FUNDING LEVELS

Mr. CULBERSON. I had a phone call, excuse me. Sorry. Thank
you. Thank you very much.

Let me if I could ask both of the witnesses what you would think
of—just food for thought. In order to provide stability, predict-
ability at the funding levels for National Science Foundation, which
is the root of much of the problem we have had, if the—because
I am going to put together a proposal for this Subcommittee to
make a serious effort at adopting into law that we remove—take
OMB out of the loop when it comes to making funding rec-
ommendations for the National Science Foundation and NASA for
that matter. And put that in the hands of an independent board
of experts. What about the National Science Board? I think Dr. Ray
Bowen is the Chairman and former President of Texas A&M.

Mr. RANKIN. Not now. Steven Bearing.

Mr. CULBERSON. Isn’t that—who is the President?

Mr. RANKIN. Steve Bearing is the current Chair.

Mr. CULBERSON. Frank Bowen was the Chairman?

Mr. RANKIN. I think maybe a while back.

Mr. CULBERSON. Okay. Who is the Chairman now?

Mr. RANKIN. Steven Bearing.

Mr. CULBERSON. Okay.

Mr. RANKIN. Steven Bearing.

Mr. CULBERSON. Okay. What would you think about that? Let
them make the budget recommendation to us on the funding level
that is necessary for the National Science Foundation and NASA
to do the job that they are entrusted with to have a panel like the
National Science Board make that budget recommendation to the
Appropriations Committee formally instead of the Office of Man-
agement and Budget.

Mr. RANKIN. I don’t know. I haven’t thought about that. The
Science board already has oversight of the NSF.

Mr. CULBERSON. Yeah, policy.

Mr. RANKIN. The policy of the NSF.

Mr. CULBERSON. I just frankly get sick and tired of OMB short-
sticking NASA. I get tired of them short-sticking NSF over the
years. We all know the Bush Administration did not give adequate
funding to NASA or the National Science Foundation. The Bush
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Administration loaded up NASA with a lot of projects then did not
give them the money.

Mr. RANKIN. Well—

Mr. CULBERSON. And then it was up to this Committee to try to
find a way to make it up. And it was tough.

Mr. RANKIN. Well I don’t know—I mean personally I would like
to see science—I will talk about the NSF. I would like to see the
NSF, and you can say this about all science, funded in a way that
we know what to expect year over year.

I mean, we talk about doubling these different agencies, doubling
the NSF.

Mr. CULBERSON. Right.

Mr. RANKIN. But the fact of the matter is that this is tough to
do. And on the other hand if you do do it, it gives you a sense that
you have accomplished the job.

Mr. CULBERSON. Yeah.

Mr. RANKIN. And, therefore, you stop. If you look at the example
with NIH, they doubled from 1998 to 2003. Then bang, they
stopped, NIH got no more money.

Mr. CULBERSON. Right. We have got a vote going on. I want to
make sure to submit any comments or questions. If I could then
would you both agree then the most important message to leave
with the Chairman of this Committee is that we find a way to pro-
vide stable, predictable funding levels to NSF?

Mr. RANKIN. On an uptake.

Mr. CULBERSON. Stable and predictable, I think I know how to
help you do that. Thank you.

Thank you, Mr. Chairman. Thank you for your—thank you all
for being here. And thanks for having this hearing by the way.
Thank you.

Mr. MOLLOHAN. Well being able to vote and return and keep the
hearing going is a benefit of having a hearing room

Mr. Fisk. I am impressed.

MATHEMATICS IN THE UNITED STATES

Mr. MOLLOHAN [continuing]. In the Capitol. You trade off. Use
the small space for that.

Dr. Rankin, as the only mathematician who is appearing this
week actually as a witness, please give us a brief picture of the
overall support environment for mathematics in the United States.

Mr. RANKIN. Well, the NSF is the major supporter of mathe-
matics in the U.S. It represents about 47.6 percent of overall fund-
ing. However, if you look at just the federal funding for basic re-
search in mathematics in universities and colleges, then the NSF
represents about 60 percent of that funding. The remainder of the
funding for mathematics comes from the Department of Defense, it
is about 17.9 percent, the Department of Energy, 18.4 percent, and
NIH is about 16.1 percent.

These numbers have changed over the years. It used to be that
NSF was clearly 50 percent or more of the funding for mathe-
matics. Then DOD took a big slice and then DOE. Over the last
ten years there has been a change. And also the fact that NIH is
now becoming more of a player.
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There are quite a few mathematicians now that get funding out
of NIH, usually working with a biomedical scientist. And there is
this program through the Division of Mathematical Sciences at
NSF and the National Institutes for General Medical Sciences
where they—I think the way it works is that NSF puts in a dollar
and NIGMS puts in two dollars.

Mr. MOLLOHAN. Thank you.

Mr. Aderholt.

NASA CIVIL SERVANT SCIENTISTS

Mr. ADERHOLT. Thank you, Mr. Chairman. It is my under-
standing that under NASA’s implementation of full cost accounting,
scientists working as NASA’s civil servants are increasingly being
asked to seek funding to cover the full costs of their salaries. Yet
NASA scientists are civil servants. And furthermore they are not
always permitted to compete for funds external to NASA, such as
those made available by the National Science Foundation.

This situation creates anxiety and stress among current NASA
civil servant scientists. And at a time when the average age of the
agency’s scientific workforce is increasing, this does not establish
NASA as an attractive career option for the next generation of our
nation’s biggest scientists.

The question would be science makes advances through competi-
tion of 1deas. And NASA civil servants as well the agency benefit
from scientific competition. But from your perspective does it make
sense that NASA scientists who are civil servants also compete for
their salary? Just your—both of your thoughts on that.

Mr. Fisk. I think what is important is that they compete. And
this is not a new issue. I mean, you want a—you want to have
science done by the people that are best able to do it. And I think
that it is important that NASA scientists. And they have for the
tradition of, you know, the whole history of the space science pro-
gram dating back, you know, as far as I know. I mean, NASA
science people had to submit proposals for research support. The
only difference is whether their salaries were in it or not. I mean,
any other costs that they had associated with this had to be won
compietitively in competition with the universities and all the other
people.

So that part I think is all right. And I also think to some extent
having their salaries in this is not—is not an issue. I think—and,
you know, this is a question where you really ought have the
NASA person here. I can’t—I still—even though I haven’t been an
associate administrator in decades, I still somehow think I answer
questions for the agency.

But the—it seems to me that one of the most difficult parts in
competition over the years was the overhead rates at centers, be-
cause it was not only scientists competing for their salaries. But
then there was an overhead charge on that which was exorbitant
compared to their competitors. And that was in part because not
every NASA civil servant could win in competitive things. And yet
they still had to be funded, and the centers had to be funded, and
all these other things.

And I think, and I would encourage you to ask the NASA people
this, that they have in fact corrected that situation where the over-
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head is now paid out of some general account some place. And the
competition is now for salaries and other costs of doing the re-
search.

And that is not an unreasonable place for NASA scientists to be,
because actually they now even have a competitive advantage to
the universities. Even though university overhead rates were lower
than the center overhead rates, there are still overhead rates at the
universities.

So the NASA scientists have the sort of competitive advantage
if they are only being charged for the—for their salaries and their
research. And that is a good trade I think in my judgement be-
tween asking them to not compete and asking, you know—and
making sure their salaries are adequately covered.

But you are correct in one very important point. It is absolutely
essential that we revitalize the NASA workforce.

Mr. ADERHOLT. Dr. Rankin, do you have anything else?

Mr. RANKIN. I didn’t realize that these folks are employed by
NASA but they have to apply for grants?

Mr. Fisk. From NASA.

Mr. RANKIN. I didn’t realize that went on. It doesn’t strike me
as a good situation. If they are employed by NASA, it seems to me
that they should work for NASA. And if NASA wants to have them
work on research, that seems like a good thing. I don’t quite under-
stand why they would apply for grant support if they are already
paid by NASA.

Mr. ADERHOLT. Let us go back to the history as you were talking.

Mr. Fisk. Well the—I mean one of the things that NASA has
worried about it in its past, it worries about it less these days, is
the relative balance between universities and NASA centers. And
people—you know, it—when I was Associate Administrator, I con-
sidered it my job to make sure that that balance was correct, be-
cause we have to think not of just NASA centers when we think
of the space program. We have to think of the infrastructure of the
country to do space. And space science is done at universities and
government labs, and it is done in certain kinds of industries some
places and so on. And that is the entire thing.

And we need to create a system, which gets the maximum for the
country out of this. Not just is it done in this center so let us look
at the country as a whole. And one of the ways that that was main-
tained over the years was to have competition between the univer-
sity scientists and the NASA scientists as to the support.

And the traditional model, until full-cost accounting was put into
effect, was that the NASA scientist had to vie for grants to give
them support beyond their salaries, just things they were going to
do, things they were going to build.

And now with full-cost accounting, we went to the other extreme,
which was not only their salaries with the overhead. And I think
they are back to a system, which is just their salaries and their
support.

And often I think it is a way for NASA headquarters to make
sure that the country’s best are applied to this, regardless of
whether they are in a center or the university. And frankly I think
that is healthy.
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Mr. ADERHOLT. Why can’t you have interchanging between the
centers and the universities of personnel? It seems like that would
be—I mean people do that all the time in other situations we see.

Mr. Fisk. You are into—I mean, do you want to do IPAs or some-
thing?

Mr. ADERHOLT. Yeah, sure.

Mr. Fisk. Yeah, but no. I mean, those are minor events. I mean,
there is a whole cadre of scientists at Goddard and JPL. And JPL
by the way has always done it this way with the salaries. I mean,
JPL is an FFRDC. The salary support for the scientists at JPL is
won by—as part of the JPL contract or through competitive grants
and contracts. It is only the NASA civil service centers where this
issue arises.

Mr. ADERHOLT. And JPL is a part of CalTech.

Mr. Fisk. Yeah.

Mr. ADERHOLT. Thank you, Mr. Chairman.

SATELLITE MISSIONS

Mr. MOLLOHAN. The satellite missions are often done in coopera-
tion with other nations and the Multinational European Space
Agency. Is the U.S. contributing its fair share in these efforts? And
how does the cooperation work in terms of sustaining U.S. science
technology, engineering, and its leadership?

Mr. Fisk. Again, it is a somewhat complicated answer. I mean,
we talk about Earth science for example. Since we have let our ca-
pability in Earth science slip dramatically, it is very hard for us to
be this leader that says let us get the world together, and figure
out what is happening to the climate, and use the best of every-
one’s capabilities to do so.

So when you want to lead by example and in cooperation, you
better make sure you are bringing something to the table that you
are capable of. And in certain fields we are not.

In other fields we are such clear leaders, you know, planetary ex-
ploration, astrophysics. That when we cooperate, we do so because
there is an advantage, a national advantage. We bring in some
technologies from other countries and so forth. But there is a case
where we are in some ways so far ahead that it is not—you know,
our cooperation is important and it is good for scientific collabora-
tions, good for our image, as a country, as a leader, and so on.

But let us—you can’t have a discussion about international co-
operation unless you want to have an ITAR discussion, because the
number one impediment to any meaningful international collabora-
tion in space is ITAR.

Now you can have missions where they do something and we do
something. We share the data in the scientific literature. That is
okay. But if we actually want to do something together, a space-
craft, you contribute, your nation contributes, we contribute, unless
somebody fixes ITAR, it is not a workable system.

And so you have got competing national policies here. If we think
it is in our interest as a country to collaborate and—on scientific
issues, not military, scientific issues, then the ITAR rules have
somehow got to change and become commensurate with what we
are trying to do as a country.
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Mr. MOLLOHAN. Have you thought about that enough to give us
your opinion on how that should change?

Mr. Fisk. Yeah. I mean, I will fall back on mine. I have an opin-
ion on it. Like all good university professors I have an opinion on
everything. I mean, one of the things that I would explore—I mean,
there is a law first of all, which, you know, you will have to deal
with here. But within the law as I understand it, there is a ques-
tion of what is on the ITAR list? What is on the controlled list?

Even if you say we are going to have exactly the same law, I
mean, somebody decides what is a controlled technology. And if we
can make that restricted to things that are really essential for the
national interest, you know, the national security as opposed to the
kinds of stuff that is there now, which you can buy in the world
anywhere in lots of cases.

Mr. MOLLOHAN. Those decision are based on fear for the national
security.

Mr. Fisk. Oh, no, they are not. I mean——

Mr. MOLLOHAN. Can you give it to me in an exact—off the top
of your head?

Mr. Fisk. The question is whether you can control technology.
You would have to assume we had it and someone didn’t. And yet
in many cases the capabilities that are on the ITAR list can be pur-
chased in other countries in even more capability than we have—
you know, we are talking about electronics here. We are talking
about basic kinds of things.

There have been—there have been hearings. And I was not part
of them where, you know, some—there was someone as I recall in
one of these, in a House hearing, someone came in and said, “I
bought all these pieces in Radio Shack. And I put them in a sat-
ellite. And now they are an ITAR controlled item.”

And so, you know, there is a silliness to the listed controlled
technologies—it is comprehensive. It is too comprehensive. Some-
body should simply go in and say, okay, tell me exactly what tech-
nologies we have to control in the interests of our national interests
and take everything else off. I mean, that would be my simple solu-
tion.

Mr. MOLLOHAN. Okay, thank you. Dr. Fisk and Dr. Rankin, we
want to thank you very much for appearing here today. We are in
a series of votes. I think it has been a fine hearing. I think we
learned a lot. And we especially appreciate each of you appearing
and giving us the benefit of your expertise and answers to the
questions. We look forward to seeing you again in the future. We
have some questions submitted, which we would appreciate your
answering them.

Mr. Fisk. Sure.

Mr. MOLLOHAN. It won’t be burdensome.

Mr. Fisk. Sure.

Mr. MOLLOHAN. We appreciate the time that you have given us
today.

Mr. Fisk. Well thank you very much. I have enjoyed it im-
mensely.

Mr. RANKIN. I wanted to also thank you for your efforts on behalf
of the science community, the NSF in particular, in the stimulus
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bill and also in the fiscal year 2009 appropriations. Thank you very
much.

Mr. MoLLOHAN. Well, thank you.

Mr. Fisk. Thank you.
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Responses for the Record

House Commiittee on Appropriations Subcommittee on Commerce, State, Justice and Related
Agencies

Hearing on: The Place of NASA Science in the Overall Science Enterprise
March 3, 2009

Lennard A. Fisk
University of Michigan

uestion 1:

Within the budget for Science at NASA there is support for building and operating satellites,
maintaining data systems and a wide range of research ranging from numerical modeling and
analysis of satellite data to laboratory and field observations, including aircraft and balloon
measurements. What balance should there be in terms of funding for these different activities?

The activities that are listed in addition to the building of satellites are generally classified as
mission-enabling activities. They enable NASA’s basic mission of exploring and utilizing space
through the launching of satellites.

When considering these mission-enabling activities, we need to ask whether there is a complete
portfolio of activities. Are there new technologies being developed that will lead to new
measurements and missions; is the future workforce being adequately trained; is the data from
existing missions being fully utilized; are theories being developed and models built that aliow
us to understand the data, and decide what future measurements are required?

There is no simple formula that can be used to decide on the balance of these mission-enabling
activities, since the portfolio of activities will vary by discipline. In the case of Earth science,
there is a requirement for ground-truth established by field observations, in particular with
aircraft. There are certain astronomical observations that can be made from balloons, the
instruments for which provide technology demonstrations for future space instruments, and
hands-on training for graduate students. Rather, the balance has to be established for each
discipline, to ensure that all the mission-enabling activities required for NASA’s mission for this
discipline can be effectively achieved.

The National Research Council, at the request of Congress, is currently conducting a study to
determine the metrics by which effective mission-enabling activities for each discipline of space
and Earth science in NASA should be judged, and to evaluate the disciplines based upon these
metrics. Iam the Chair of this study committee. The report should be available in the fall.
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How would you characterize NASA'’s role in science, technology, engineering, and mathematics
education, including K-16 and teacher training, and are there changes you would recommend?

NASA is an important contributor to science and engineering education at many different levels.
Its accomplishments are inspirational and encourage K-12 students to pursue careers in science
and engineering. Teachers are provided information and training that can make science
education more interesting and relevant, and as a result more effective. There is also the training
of the aerospace workforce in colleges and universities, through the use of hands-on projects.

The United States has a unique advanced education model — the research university. We train
our advanced students in universities that actually conduct research in the development of new
technologies and science, and as a result we have the best engineers and scientists in the world.
NASA and the Department of Defense historically have been responsible for providing the
research opportunities in acrospace to universities, thus facilitating the training that has created
the nation’s acrospace workforce. In recent years, however, NASA has reduced its support for
universities participating in the development of space hardware. The result is that the hands-on
training of the next generation of space scientists and engineers is no longer adequate. At the
same time, the aerospace workforce is aging and needs revitalization.

The educational mission of NASA for K-12 will always be limited by the funding available. The
national need for better science education is extensive; however, this activity is secondary or
even tertiary to NASA’s main mission of exploring and utilizing space. However, central to
NASA’s main mission, and one deserving of more support, is NASA’s role in undergraduate and
graduate education; the actual training of the next generation of the aerospace workforce.






WEDNESDAY, MARCH 4, 2009.

THE PLACE OF NOAA & NIST IN THE OVERALL SCIENCE
ENTERPRISE

WITNESSES

DR. JAMES SERUM, PRESIDENT, SCITEK VENTURES
DR. SUSAN K. AVERY, PRESIDENT, DIRECTOR, WOODS HOLE OCEANO-
GRAPHIC INSTITUTE

OPENING STATEMENT BY CHAIRMAN MOLLOHAN

Mr. MOLLOHAN. The hearing will come to order.

Good afternoon, Dr. Avery, Dr. Serum. Yesterday we received an
overview of science in the United States and examined the role of
NASA and NSF in the overall science enterprise.

This afternoon, we will examine the role of two other research
agencies under our jurisdiction, NOAA and NIST, both of which are
included in the Department of Commerce.

Following the issuance of the report, Rising Above the Gathering
Storm, there has been a bipartisan effort to double the fiscal year
2006 funding of NIST along with NSF and the Department of En-
ergy Office of Science over a ten year period.

The stimulus funding provided in “The American Recovery and
Reinvestment Act of 2009” increased fiscal year 2009 funding for
NIST by roughly 70 percent while providing a roughly 20 percent
boost to NOAA.

Looking forward, it is important for this Subcommittee to under-
stand the relative roles and status of the different research agen-
cies. We look forward to learning more from Dr. Avery about
NOAA and from Dr. Serum about NIST.

We would like to welcome you to the hearing, letting you know
that your written statement will made a part of the record and you
can proceed with your testimony as you will.

But first, I would like to call upon the Ranking Member, Mr.
Culberson, for any comments he might have.

Mr. CULBERSON. Thank you, Mr. Chairman.

I just want to say once again how much I appreciate the way you
have structured these hearings. All of us on the Committee appre-
ciate the outside perspective, the independent objective. Outside
perspective is very important to us and we appreciate very much
your being here today to help us in our effort to make sure the
sciences are fully funded as they should be.

Thank you very much.

Mr. MOLLOHAN. Thank you, John.

Let us proceed with Dr. Serum.

Mr. SERUM. Uh-huh.

Mr. MOLLOHAN. Your written statement will be made a part of
the record, please proceed as you like.

(103)
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Mr. SERUM. Thank you, Chairman Mollohan and Ranking Mem-
ber Wolf, for the opportunity to testify about the role of NIST in
the overall science enterprise.

My name is James Serum and I am the President of SciTek Ven-
tures, a science and technology consulting firm. I have been deeply
engaged in developing and commercializing measurement tech-
nologies and applications for over 40 years.

I have been associated with NIST for the past ten years, serving
first as a member of the National Research Council Assessment
Panel for the NIST Chemistry Lab and since 2004 as an elected
member of NIST’s Visiting Committee on Advanced Technology,
VCAT. I am currently the Chair of that federal advisory committee.

From my long association with NIST, I can tell you that NIST
is a unique research agency and a critical element to this nation’s
scientific enterprise. NIST is the only federal agency that I am
aware of that is specifically focused on promoting U.S. economic
competitiveness. Unlike other government research agencies, the
primary stakeholder of all NIST programs is industry.

Today I hope to show you that whether it is through technology
research, the development of advanced precision measurements, or
the creation of standards that NIST provides the tools essential to
increase the productivity and efficiency of industry, accelerate the
adoption of new technology, and enable fair trade.

Measurement science and standards are the foundation for tech-
nological innovation. The measurement science performed at NIST
is often at the cutting edge of science, providing the foundation for
many new technological innovations. This is important because if
you cannot measure something, you cannot control it. And if you
cannot control it, you cannot reliably manufacture it.

NIST’s unique role is to advance measurements and standards so
that the next innovation can be realized and commercialized. The
impacts of NIST measurement science research are numerous.

For example, the work of one of NIST’s Nobel Laureates, Dr. Jan
Hall, was focused on the precise measurement of the wavelength
or color of light. An unprecedented accuracy and precision of the
technology pioneered by Dr. Hall has been the foundation upon
which numerous technological advancements have been built, in-
cluding the development of extremely accurate atomic clocks, in-
creased capacity of fiberoptic communications, new methods to rap-
idly diagnose disease, and ways to identify trace chemical species
in the environment.

NIST research also provides industry with critical tools that help
overcome such challenges as cleaner and renewable sources of en-
ergy.

NIST measurements have led to improvements in fuel cell de-
sign, helping large and small companies such as auto makers, Du-
pont, and Plug Power to improve the efficiency and durability of
fuel cells for zero carbon emission vehicles.

Another critical element to NIST’s role is the development of
standards which provide the common language in commerce. NIST
standards enable U.S. manufacturers to design and build products
to one standard or a set of standards with an outcome of increasing
their competitiveness in the world market and facilitating global
trade.
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In addition to NIST’s role in measurement science and stand-
ards, the Technology Innovation Program, TIP, and the Manufac-
turing Extension Partnership, MEP, provide critical support and
services to America’s competitive backbone, its small businesses.
These help to foster collaboration across diverse technology part-
ners and to develop transformational technologies.

TIP created by “America Competes Act” provides NIST with the
capability to overcome the barriers to successful innovation by in-
vesting in high risk, high reward science that address critical na-
tional needs.

This year, TIP addressed the nation’s critical need for improve-
ment in the nation’s physical infrastructure. I am convinced that
TIP will be a key part of the federal portfolio that helps accelerate
American innovation.

The Manufacturing Extension Partnership, MEP, is a unique
partnering program of manufacturers, states, and federal govern-
ment to increase the competitiveness of U.S. small manufacturers.
The MEP network bridges the productivity gap for small manufac-
turers by identifying opportunities for growth and profitability by
encouraging technology development and providing services that
reduce manufacturer’s bottom line expenses, increase efficiencies,
and build capacity.

These are just a few examples of the important role that NIST
plays in the overall science enterprise. Founded on precise meas-
urements, NIST programs have a high impact and benefit to entire
industries by enabling innovation.

I applaud the Subcommittee on its leadership in writing the fis-
cal year 2009 appropriations bill that provides NIST with the re-
sources outlined by the “Competes Act.”

I would urge Congress to continue to show a strong commitment
to NIST and not overlook the important and essential role it plays
in our nation’s scientific enterprise.

Again, thank you for the opportunity to testify today. I look for-
ward to answering your questions.

Mr. MoOLLOHAN. Thank you, Dr. Serum.
| [Written statement by James W. Serum, Scitek Ventures fol-
ows:]
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Thank you Chairman Mollohan, Ranking Member Wolf, and members of the House
Subcommittee on Commerce, Justice, and Science for the opportunity to testify before you today
on the role of NIST in the overall science enterprise.

My name is James W. Serum. Iam the President of Scitek Ventures, a science and technology
consulting firm focused on helping young companies commercialize innovative ideas and early
stage technology. I have been deeply engaged in developing and commercializing measurement
technologies and applications for over 40 years, having spent most of my career with Hewlett
Packdrd Company. Upon retirement in 1999, I founded an information technology business,
Viaken Systems Inc. and a technology consulting firm, Scitek Ventures LLC, both focused on
measurement systems. I have been associated with NIST for almost 11 years, having served first
as a member of the National Research Council Assessment Panel for the Chemical Science and
Technology Laboratory (CSTL), and, since 2004, as an elected member of NIST’s Visiting
Committee on Advanced Technology (VCAT). I am currently the chair of that organization.

From my long association with NIST I can tell you that NIST is a unique research agency that is
a critical element of this Nation’s scientific enterprise especially as it provides the tools
necessary to accelerate technological innovation and competitiveness. In fact NIST is the only
Federal Research agency I can think of that is specifically focused on promoting U.S. economic
competitiveness, and unlike other government research agencies the primary stakeholder of all
NIST programs is industry. Today I hope to show you that whetber it is through technology
research, the development of advanced precision measurements, or the creation of standards that
promote quality and enhance efficiency, NIST provides the tools essential to increase the
productivity and efficiency of industry, accelerate the adoption of new technology, and to enable

fair trade.
Measurement science and standards, the foundation of technological innovation

The core of NIST’s scientific impact flows from the NIST laboratories, and their continued focus
on measurement science and standards. The NIST Laboratories continue to be the premier
measurement and standards laboratory in the world with the highest level of expertise. The
measurement science performed at NIST is often at the cutting edge of science providing the
foundation to enable many new technical innovations. Like an extreme athlete - competing at the
edge of human endurance, NIST's measurement science is focused at the extremes - measuring
smaller objects or phenomena faster or more accurately than anyone else. This is important
because if you can't measure something -- you can't control it. And if you can't control it - you
can't reliably manufacture it. NIST's unique role is to advance measurements and standards so
that the next innovation can be realized and commercialized.

The impacts of NIST measurement science research are numerous. Take for example the work of one of
NIST’s Nobel Laureates, Dr, Jan Hall who won the Nobel Prize in Physics in 2005. Dr. Hall’s work was
focused on the precisc measurement of the wavelength (color) of light. The unprecedented accuracy and
precision of the technology pioneered by Dr. Hall has been the foundation upon which numerous
technological advancements have been built including the development of exquisitely accurate atomic
clocks that have resulted in unprecedented improvements in navigation and positioning (GPS), increased

1
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capacity of fiber optic communications, new methods to rapidly diagnose disease, and ways to identify
trace chemical species in the envirc t and complex industrial products.

The measurement science research at NIST also provides industry with the critical tools that will
help the US overcome some of our most daunting challenges. For example in our Nation’s effort
to develop cleaner and renewable sources of Energy, measurement science at NIST is enabling
new technological opportunities in everything from Green buildings to photovoltaics. Inthe
area of fuel cells scientists at NIST’s Center for Neutron Research recently have developed ways
to use neutrons to make key observations of the interior of operating fuel cells. These
measurements have led to improvements in fuel cell design and are being used by large and
small companies such as General Motors, Chrysler, Dupont, and PlugPower to improve the
efficiency and durability of fuel cells for zero carbon emission vehicles. A National Academy of
Sciences report describes this NIST work as “...a considerable achievement and one of the most
significant analytical advances in the membrane fuel cell field realized in decades.”

In addition to performing research in measurement science, another critical element to NIST’s
role in innovation is its role in standards. Standards come in many forms. There are the SI units
- for example the meter, kilogram, and second. There are alse documentary standards like the
formats that describe ways to store digital data for movies or music. In addition, there are
standard reference data and materials. Standards provide technical definitions and guidelines for
design and manufacturing. They serve as a common Janguage, define quality and establish safety
criteria. In the United States, standards are developed by private-sector organizations such as
American National Standards Institute (ANSI), American Society of Mechanical Engineers
(ASME) and many, many, more. These standards are used by industry and are frequently
adopted by government agencies as a means of establishing regulatory requirements. They are
vital to the economic health of many industries, and — more important — they help to ensure the
health and safety of the American people and of citizens in countless nations around the world.
One of the biggest impacts of NIST’s role in standards comes in facilitating global trade. The
Department of Commerce and NIST have a vital role in ensuring acceptance by other nations of
U.S.-developed standards that incorporate technological advances and that meet changing
industry, regulatory, and public safety needs. Enabling U.S. manufacturers to design and build
to one standard or set of standards increases their competitiveness in the world market, which
makes NIST efforts to assist U.S. standards developers in their negotiations with international
and national standards organizations critical to the U.S. business community.

These are just a couple of examples of the impact of NIST’s measurement science and standards
can have. Again let me reemphasize that this work forms part of the foundation upon which
innovation is built. NIST measurements and standards were integral to the successful
development and adoption of virtually every one of the 20" century’s greatest engineering
achievements — including automobiles, aircraft, lasers, computers, and the internet. It is essential
that NIST’s role in innovation not be overlooked and that it receives the resources it needs to
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continue their significant contribution to the advancement of technology, measurement
innovation and industrial competitiveness.

Catalyzing future technical advancement and strengthening America’s manufacturing base

In addition to NIST’s role in measurement science and standards, its Teéhnology Innovation
Program (TIP) and Manufacturing Extension Partnership (MEP) provide critical support and
services to America’s competitive backbone — its small businesses. Together these programs:

o Foster collaboration across diverse technology partners and fund small businesses and
universities to incentivize the development of transformational technologies that address
key national needs;

® And, provide services that strengthen and enhance the productivity of U.S. small
manufacturers

The creation of the TIP program by the America COMPETES act provides NIST with the
capability to overcome the barriers to successful innovation and disruptive technology
development faced by the private sector and government that were identified in the seminal
National Academies report Rising Above the Gathering Storm. TIP has already made a start to
address some of the Nations key technology challenges. With its inaugural competition for
funding in FY 2008, TIP addressed the nation’s critical need for improvements in physical
infrastructure. Specifically, TIP conducted a competition for high-risk, high-reward rescarch
addressing “Advanced Sensing Technologies for Infrastructure: Roads, Bridges, Highways and
Water Systems.” Outputs for the first Program year include the awarding of 9 cooperative
agreements with 31 recipients, including 17 small or medium businesses, 11 universities and 3
local government laboratories in 12 states. These 9 awards have the potential to generate an
additional $46 million in industry cost-share over 3-5 years. I feel that with appropriate and
stable resources the new Technology Innovation Program will be a key part of the federal
portfolio to accelerate American innovation by supporting transformational research in areas
addressing critical national needs.

“The Manufacturing Extension Partnership is one of NISTs better known programs. It is a unique
program partnering manufacturers, states, and the federal government to provide a wide range of
services strengthening U.S. small manufacturers. Currently MEP runs a network of 59 centers in
443 locations across the U.S. This network enables MEP to bridges the productivity gap for
small manufacturers by identifying opportunities for growth and profitability, and encouraging
technology deployment. MEP assistance enables manufacturers to streamline plant operations,
create or retain jobs, develop new markets and products, and successfully compete in the global
marketplace.

The MEP program has a strong history of measurably improving the productivity and
competitiveness of Hollings MEP clients. The most recent (FY 2007) client reported impacts
include:
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new sales of $5.60 billion,

retained sales of $4.88 billion,

client cost savings of $1.44 billion,

new client investment in modernization of $2.19 billion,
creation and retention of 57, 079 jobs, and

28,004 clients served.

*® & o o ¢

MEP successfully provides the services that reduce manufacturers’ bottom-line expenses,
increase efficiencies and build capacity. Iam confident that MEP will continue to improve the
efficiency and growth of US small manufacturers positively impacting the employment and
profitability of this important part of the U.S. economy.

From my long association with NIST I have seen year after year that NIST generates a high rate
of return for investment in its programs. Whether through investment in its laboratories and user
facilities where nineteen retrospective studies of economic impact show that, on average, NIST
labs generated a benefit-to-cost ratio of 44:1 to the U.8. economy, or through programs like MEP
that leverage less than $100 million dollars of federal investment into a nearly $300 million
dollar program by teaming with industry, state , and local organizations to increase sales, reduce
costs, and generate and save jobs for our nation’s small manufacturers, NIST programs have a
high impact and benefit entire industries or sectors of the economy.

If NIST is fully enabled it is sure to have dramatic near and long term impact--increasing the
productivity and efficiency of US industry, promoting safe and fair commerce, and helping to
ensure an economically, vigorous and competitive United States as we move to the future.
Unfortunately Federal support for NIST has been falling relative to U.S. GDP and industry
research for many decades. This means that even though technology has become more and more
important to the U.S. economy, the federal infrastructural support that NIST provides has been
severely challenged due to resource constraints, I applaud NIST scientists and engineers for
their “can do” attitude and doing their utmost to address a growing list of challenges and needs
with limited resources. Ihave been encouraged that the America COMPETES Act, intended to
double the NIST budget in ten years, remains a priority of the Congress and the administration. [
also applaud this Subcommittee on its leadership in writing a Fiscal Year 2009 appropriations
bill for NIST that provides it with the resources outlined by COMPETES. 1 would urge
Congress to continue to show a strong commitment to NIST and not to overlook the important
and essential role it plays in our Nation’s scientific enterprise.

Again thank you for the opportunity to testify today. Ilook forward to answering any of your
questions.
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Ms. AVERY. Good afternoon, Chairman Mollohan and members of
the Subcommittee. Thank you for the opportunity to speak with
you today about the National Oceanic and Atmospheric Adminis-
tration.

My name is Susan Avery and I am President and Director, of
Woods Hole Oceanographic Institute in Woods Hole, Massachu-
setts.

My primary message today is that NOAA is critical to our na-
tion’s research effort to understand our planet as an integrated sys-
tem in which the ocean, atmosphere, and terrestrial environments
interact in a highly complex fashion.

These are areas of inquiry that have both immediate and global
implications for long-term social and economic well-being of all peo-
ples and nations. As such, they require integrated, intellectual ap-
proaches and close collaboration among researchers across dis-
ciplines, agencies throughout our government, and governments
around the world.

Both the ocean and the atmosphere are shared globally and we
must have international cooperation to address such issues as nat-
ural hazards, environmental quality, collapsing fisheries, and adap-
tation to and mitigation of global climate change.

NOAA has proven its ability to pursue such cooperation in nu-
merous ways over many decades. Especially notable in recent years
was its key role in providing scientific expertise and data to the
Inter-Governmental Panel on Climate Change. NOAA’s climate
modeling capability is considered one of the best in the world and
its models helped form the basis for the IPCC reports.

In many ways, NOAA is unusual among our government’s
science agencies. It is a mission agency responsible for monitoring
both the atmosphere and the ocean, from predicting hurricanes to
protecting fisheries. It works to conserve and manage coastal re-
sources and environments where 14 of our country’s 20 largest
urban areas are located and where more than half the population
lives.

Additionally, however, NOAA funds scientific research. It not
only forecasts weather, it seeks to understand and predict climate.
In effect, it makes a science investment in order to develop unified
modeling, understanding, and prediction across atmosphere, fresh
water, and ocean ecosystems.

One example is so obvious that we tend more to ignore it or take
it for granted and that is the National Weather Service. NOAA
forecast warnings and the associated responses produce approxi-
mately $3 billion in savings during the typical hurricane season.

With respect to forecasting the impacts of short- to long-term cli-
mate variability, NOAA has been a leader in detecting, predicting,
and understanding the effects of El Nino southern oscillation or
ENSO, which occurs every three to seven years. The often severe
results of such events can include drought or floods, colder or
warmer than usual winters, more or fewer hurricanes and ty-
phoons.

Research has estimated an ENSO forecast to benefit the decision
making of U.S. agriculture between 500 and $900 million a year.
These examples are a startling measure of NOAA’s importance.
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The annual economic return to the United States economy of the
ENSO observing system is between 13 and 26 percent, more than
double OMB’s specified minimum rate of return for federal projects.
Yet, consider the ENSO observing system spread out across the
vast reaches of the southern Pacific Ocean is anchored by only 700
moored ocean buoys supplemented by free-drifting floats and ship-
based observations.

By contrast, in Maryland and Virginia alone, there are 84 land-
based weather stations. In short, a greater investment in NOAA’s
research operations and services, including its many academic and
industrial research partners, could bring a commensurate increase
in return on that investment. Again, broad collaboration is essen-
tial.

These examples illustrate the scope of NOAA’s responsibilities to
the nation encompassing ocean, land, and atmosphere and their
connections and collective effect on our planetary environment and
global society.

I want to emphasize that the extramural research conducted by
NOAA and its partners is critical to the agency’s own success.

Research leads to understanding that refines the models that im-
prove prediction, that informs policy, and, therefore, helps deter-
mine the ultimate economic benefit. In short, it is essential that all
of NOAA’s operations and services be based on science.

In summary, my recommendation is simple. They echo those of
Rising Above the Gathering Storm report. Given the breadth of its
mission portfolio, the wide range of science needed to support that
mission, and the ever increasing demand for its products and serv-
ices, I believe certainly a doubling of NOAA’s research budget is re-
quired to carry out its missions.

As things stand, the scope of NOAA’s mission far exceeds the dol-
lars devoted to it. The budget as yet does not allow for the estab-
lishment of the much needed National Climate Service. And addi-
tionally, many of NOAA’s facilities and operations are partially
paid for out of its research budget, shortchanging the various
science and partnerships that support and inform those services
and operations and that contribute so greatly to NOAA’s national
value.

In fact, the total research component of NOAA’s 2009 budget re-
quest, $537 million, is only 14 percent of its total budget. That mis-
match between funding for services and operations and funding for
research can only in turn shortchange sound policy and decision
support.

Increasing NOAA’s research budget and recalibrating that bal-
ance will be in line with this Administration’s determination to re-
store the voice of science to the collaborative formation of national
environmental policy and improve decision making. This will be
good for NOAA, good for science, and, most of all, beneficial for the
nation.

Thank you.

Mr. MOLLOHAN. Thank you, Dr. Avery.

[Written statement by Dr. Susan K. Avery, President and Direc-
tor, Woods Hole Oceanographic Institution follows:]
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Good morning, Chairman Mollohan and members of the Subcommittee. Thank you for
the opportunity to speak with you today about the National Oceanic and Atmospheric
Administration and its important contributions to the social and economic well-being of our
nation. My name is Susan Avery, and I am President and Director of Woods Hole
Oceanographic Institution in Woods Hole, Massachusetts. We are the world’s largest private
non-profit marine research and higher education organization. We are scientists, engineers,
mariners and students dedicated to understanding the ocean and its interaction with the Earth
system, and to communicating this understanding for the benefit of society. My own research
background includes studies of atmospheric circulation and precipitation, climate variability and
water resources, and the development of new radar techniques and instruments for remote
sensing. 1am author or co-author of more than 80 peer-rewewed articles. Ialso have akeen
interest in scientific literacy and the role of science in public policy.

My primary message today is that NOAA is critical to our nation’s research effort to
understand our planet as an integrated system in which the oceanic, atmospheric, and terrestrial
environments interact in a highly complex fashion. Ialso wish to stress that these are not arcane
scientific problems. They are areas of inquiry that have both immediate and global implications
for long-term social and economic well-being of all peoples and nations. As such, they require
integrated intellectual approaches and close collaboration among researchers across disciplines,
agencies throughout our government, and governments around the world,

You are doubtless all familiar with the National Academies 2007 report, Rising Above the
Gathering Storm, which eloquently detailed the central importance of science and engineering to
the U.S. economy, and which called on our government to support and enhance the national
science and technology enterprise. I wish to press the case that NOAA is integral to that
enterprise, not only for our country but for all nations. Both the ocean and the atmosphere are
shared globally, and we must have global cooperation to address such issues as ocean
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acidification, collapsing fisheries, and adaptation to and mitigation of global climate change.
NOAA has proven its willingness and ability to pursue such cooperation in numerous ways over
many decades. Especially notable in recent years was its key role in providing scientific
expertise and data to the Intergovernmental Panel on Climate Change. NOAA’s climate
modeling capability is considered one of the best in the world, and its models formed the basis

for the IPCC reports.

In many ways, NOAA is unusual among our government’s science agencies. Itisa
mission agency responsible for monitoring both the atmosphere and the ocean, from predicting
hurricanes to protecting fisheries. It works to conserve and manage coastal resources and
environments, where 14 of our country’s 20 largest urban areas are located and where more than
half of our population lives. And it operates our National Weather Service. Additionally,
however, NOAA funds scientific research in use-defined areas. It not only predicts weather, it
seeks to understand and predict climate. In effect, it makes a science investment in order to
understand connectivity. in our whole-Earth system. It conducts and funds research to develop
unified modeling, understanding, and prediction across atmospheric, fresh water, and ocean
ecosystems. Put another way, it touches all of our lives.

One example is so obvious that we tend more and more to take it for granted—the
National Weather Service. We plan our daily commutes and our annual vacations with an ear
always tuned to the weather. Farmers sow and reap according to NOAA weather predictions.
Commercial transportation and shipping, both on land and at sea, depend on accurate weather
forecasting to get products to market in the most cost-efficient way possible. NOAA warns us of
approaching hurricanes and blizzards and alerts us to levels of fire danger in our state and
national parks and forests.

With respect to forecasting the impacts of short to long-term climate variability, NOAA
has long been a leader in detecting, predicting, and understanding the effects of the El Nifio-
Southern Oscillation. ENSO, as it’s known, occurs every three to seven years, when Pacific
trade winds either weaken or reverse, blowing east instead of west, causing surface water in the
eastern tropical Pacific to be warmer than usual and altering atmospheri¢ circulation patterns
with near-global impacts on climate. As one of the key partners in the decade-long Tropical
Ocean Global Atmosphere (TOGA) research program ending in 1994, in which many WHOI
scientists and engineers participated, NOAA helped to design—and today continues to
maintain—the major components of the ENSO Observing System, which provides accurate
wintertime forecasts up to a year in advance based on knowledge of El Nifio and La Nifia events.
The often severe results of such events are well known—based on the region, they can include
drought or floods, colder or warmer than usual winters, more or fewer hurricanes and typhoons,
In the U.S., coastal storms alone cause more than 70%, or $7 billion, of natural disaster losses
every year.

An El Niflo event in 1997-98 is estimated to have caused an overall U.S. economic
impact of approximately $25 billion. That was about $1.2 billion better than the impact of an
event in 1981-82, attributed in part to better forecasts and the actions people took in response to
mitigate damage. The annual economic return to the U.S. economy of the ENSO Observing
System is between 13 and 26 percent, more than double OMB’s specified minimum rate-of-
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return for Federal projects. The economic bottom line is truly eye-opening: best estimates are
that nearly a third of our Gross Domestic Product, or $3 trillion, is either directly or indirectly
affected by weather and climate. That is a simple but startling measure of NOAA’s importance.

Yet, consider: the ENSO Observing System, spread out across the vast reaches of the
southern Pacific Ocean, is anchored by only 70 moored ocean buoys, supplemented by free-
drifting ARGO floats and ship-based observations. By contrast, in Maryland and Virginia
alone, there are 84 land-based weather stations. Together with the Environmental Protection
Agency, NOAA is playing a key role in the U.S.-led international effort to develop a Global
Earth Observation System of Systems that would link together many thousands of weather
stations, hundreds of ocean buoys and floats, and dozens of environmental satellites in order to
provide the integrated data and research approach necessary for a great leap forward in
forecasting accuracy. In short, a greater investment in NOAA’s research, operations, and
services, including its many academic and industrial research partners, could bring a
commensurate increase in return on that investment. Again, broad collaboration is essential.

An example of how NOAA encourages collaboration to tackle issues of enormous
socioeconomic importance is the agency’s promotion of Regional Integrated Science and
Assessment (RISA) programs, which reach out to stakeholders to incorporate more science into
résources management in order to improve how communities, planners, managers, and end-users
such as farmers and public utilities prepare for and adapt to a changing climate. By funding
extramural research teams while requiring effective partnerships with other federal agencies,
state and local governments, and the private sector, NOAA is helping our nation to deal with
potentially devastating issues like the growing demand for and conflict over water resources in
the West, the impacts of prolonged droughts, and coastal erosion. Here too, NOAA's influence
is international-—knowledge gained and improved forecasting models are freely shared with
international colleagues. That intellectual generosity is serving to generate momentum in other
countries to incorporate RISA-type activities in their own resource management efforts.

. In fact, NOAA plays a key role in resource management, not only along our coasts but
throughout the nation. An example is the National Integrated Drought Information System,
which will provide a drought monitoring and forecasting system at federal, state, and local
levels. When complete, this will be an interactive system that not only collects data and serves
as a forum for stakeholders and policy-makers, but also provides tangibles like early warnings of
impending drought, comparative information about risk and impact, and support for policy
planning necessary to manage impacts, all based on scientific research either conducted by or
funded by NOAA.

A robust scientific understanding is equally important to management of the nation’s
fisheries. Looking again at economic impacts, in 2006, the commercial fishing industry in the
U.S. generated $103 billion in sales and $44 billion of income, and supported 1.5 million jobs,
Recreational fishing generated $82 billion in sales, $25 billion of income and supported 534,000
jobs. In addition to its contribution to the nation’s economy and food supply, both, commercial
and recreational fishing are strong elements of the traditional culture and social values of many
coastal states and communities.
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NOAA’s National Marine Fisheries Services (NMFS) has responsibility for the
management of fishing activity between the 3-mile and 200-mile limits of U.S. waters, and
manages 230 commercial stocks via 47 different management plans administered by 8 regional
Fishery Management Councils. Of these, 89 stocks are considered overfished or subject to
overfishing. An additional 33 fish and 32 non-fish species are protected by NOAA Fisheries
under the Endangered Species Act.

NOAA has the primary responsibility for sustaining these fishery ecosystems and the
economies and cultures they support. Significant declines in fishery production over the last
several decades have in most cases been linked to excess fishing pressure, often a symptom of
inadequate management plans that are based on single stock assessments and rely on limitation
of gear or effort to restrict catches. In recent years, the fishery science community has
recognized the importance of understanding and managing coastal fisheries at the ecosystem
level. This type of Ecosystem Based Management (EBM), increasingly embraced in principle by
NOAA, considers multiple components of a fishery ecosystem, including major physical and
biological factors that affect recruitment and survival of commercial species and sustainability of
their populations. EBM allows development of management principles based on the reality of
ecosystem function, and at the same time provides protection for habitats and the biodiversity
they support.

Unlike previous management schemes that could be based on landings data and routine
surveys, however, EBM rests on understanding a much more complex ecosystem structure,
requiring a broader set of observations and more sophisticated interpretation and modeling.
Achieving this will require significant participation by the academic research community
working with NMFS and other NOAA scientists. Current solicitations for NOAA Cooperative
Institutes recognize this need, and timely progress in ensuring the future sustainability of our
fishery resources will only be possible through more extramural research support, whether for
Cooperative Institutes or by other mechanisms. This is another powerful example of the value of
NOAA'’s research partnership with the larger academic community.

An even broader partnership is seen in NOAA’s Integrated Ocean Observing System.
100S binds together a distributed network of open ocean and coastal observing capabilities with
a comprehensive data management and distribution system that will provide immediate, relevant
information about ocean conditions to a wide range of users. The system, organized through 11
regional associations that can tailor observational assets and products to local needs, provides the
marine equivalent of short- and long-range weather forecasts to fishermen, shipping, recreational
boaters, Coast Guard, state and city planners and coastal residents. The development of the
100S involves NOAA with academic, commercial and government groups to design, build and
maintain an observing network that meets real scientific, economic and public safety needs.

All of these examples illustrate the scope of NOAA’s responsibilities to the nation,
encompassing ocean, land, and atmosphere, and their connections and collective effect on our
planetary environment and global society. We in the earth science community greatly value
NOAA'’s important role in all these areas, and the productive research collaborations that we
have developed over the years, and which we hope to expand in the future. I want to emphasize
that the extramural research conducted by NOAA and its partners is critical to the agency’s own
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success. Research leads to understanding that refines the models that improve prediction that
informs policy and therefore helps determine the ultimate economic benefit. In short, it is
essential that all of NOAA’s operations and services be based on science.

In summary, my recommendation is simple. They echo those of the Rising Above the
Gathering Storm report. Given the breadth of its mission portfolio, the wide range of science
needed to support that mission, and the ever-increasing demand for its products and services, I
believe a doubling of NOAA’s research budget can only increase the remarkable return on
investment cited above. Given those clearly defined economic benefits, we were all pleased to
see recognition for NOAA in the American Recovery and Reinvestment Act. Included in that
legislation is $111 billion for infrastructure and science—a good investment. But to design and
construct billions of dollars of infrastructure informed by 20% century weather forecasts rather
than 21 century climate forecasts is short-sighted. We have a National Weather Service; now
we need to give the nation the resources to realize its plans for a National Climate Service.

As things stand, the scope of NOAA’s mission far exceeds the dollars devoted to it.
Many of its facilities and operations are partially paid for out of its research budget,
shortchanging the very science and partnerships that support and inform those services and
operations and that contribute so greatly to NOAA’s national value. In fact, the total research
component of NOAA’s 2009 budget request, $537 million, is only 14% of its total budget. That
mismatch between funding for services and operations and funding for research can only, in tumn,
shortchange sound policy and decision-support. Increasing NOAA’s research budget and
recalibrating that balance will be in line with this Administration’s determination to restore the
voice of science to the collaborative formation of national environmental policy. That will be
good for NOAA, good for science, and, most of all, beneficial for the nation.
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NOAA AND BASIC SCIENTIFIC DISCOVERIES

Mr. MOLLOHAN. Dr. Avery, NOAA is fundamentally an oper-
ational agency, as you pointed out, providing environmental fore-
casts and maintaining extensive observing systems for weather and
climate and to assess marine biota in support of fisheries manage-
ment.

Ms. AVERY. Yes.

Mr. MOLLOHAN. In what ways does NOAA play a role in basic
scientific discoveries and exploration?

Ms. AVERY. Okay. NOAA plays a major role through research
that is conducted within their own national laboratories, through
the cooperative institutes that are really long-term, sustained rela-
tionships between NOAA and academic and research entities and,
of course, through individual grants and contracts that go to indi-
vidual scientists throughout the research enterprise.

This sort of interesting collaboration of research really provides
and enables NOAA to access the best expertise for specific needs
that then help form and improve the products and operations and
services that NOAA provides.

Mr. MOLLOHAN. And how about NOAA’s role with regard to sci-
entific education?

Ms. AVERY. Yes. NOAA has taken an increasing role in scientific
education. Of course, it is by having these partnerships with the
extramural community, you inherently already have a built-in edu-
cational component associated with training undergraduate and
graduate students.

Additionally, many of those partners and universities and re-
search organizations have outreach programs that are associated
with K through 12 efforts. NOAA sponsored something, the Ocean
Sciences Bowl, which is always a wonderful tool to get K through
12 communities engaged. And NOAA has engaged itself more
broadly with educational opportunities.

So it has that connection through its extramural constituencies
and that training is vital for training the future of NOAA’s work-
force actually.

Mr. MOLLOHAN. What is the scope of those programs?

Ms. AVERY. The scope?

Mr. MoOLLOHAN. Yes. Where do they exist; how broadly? How
available are those opportunities, and to whom?

Ms. AVERY. The cooperative institutes are spread across the
country and I do not know the exact number of them now. I would
have to get back to you on that. They span research and education
from atmosphere, ocean, and coastal areas, marine areas to fish-
eries and other important areas.

But the cooperative institutes alone are not the only access to
education and training for the future. Also through support of indi-
vidual principal investigators at other universities who do not have
cooperative institutes, you get a vital connection with educational
enterprise.

Mr. MOLLOHAN. You referenced Regional Integrated Science and
Assessment programs in your testimony, which reach out to stake-
holders to incorporate more science into resources management in
order to improve how communities, planners, managers, and end
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users, such as farmers and public utilities prepare for and adapt
to changing climate.

Ms. AVERY. Yes.

Mr. MOLLOHAN. Where are those partnerships?

Ms. AVERY. The partnerships at the University of Colorado, Uni-
versity of—these are the headquarters. They actually develop a lot
of partners. But University of Colorado, University of Arizona, Uni-
versity of Washington, University of California, out in Hawaii, Uni-
versity of Florida or Florida State. I am showing an embarrassing
glitch there that I do not recognize.

Mr. MOLLOHAN. No. No, no, no, no, no, not at all.

Ms. AVERY. But basically it is actually a fairly small program,
but a very innovative program that NOAA put together in devel-
oping experimental sort of pilot projects that more actively, if you
will, structure engagement of scientists with stakeholders in a very
problem focused area that allows stakeholders who have decisions
to make that are important, have important stressors associated
with climate and climate variability or climate change to really
help develop the right science, the right information, the right deci-
sion tools that can help, for example, manage the west water re-
sources or manage an ecosystem in the marine environment.

Mr. MOLLOHAN. What is interesting about that program is that
it is an inland focused program, is it not?

Ms. AVERY. Yes.

Mr. MOLLOHAN. I mean, it looks like it is focused on a western
water problem.

Ms. AVERY. Yes.

Mr. MoLLOHAN. How did NOAA get to that issue in the middle
of the country?

Ms. AVERY. I think that is a good question.

Mr. MOLLOHAN. I know, which I applaud you for. I just want to
understand how you got to that.

Ms. AVERY. Yes. It got to that, it emerged out of the climate pro-
gram within NOAA, okay, and looking at the intersection of where
climate information could have a tremendous impact on the econ-
omy.

And if you look at western water, it is one of the key economic
drivers. It is the natural resource that is a key economic driver for
the west.

Mr. MOLLOHAN. Yes.

Ms. AVERY. And so there is sort of a natural fit between the uni-
versities and their scientific expertise and their public outreach
missions with NOAA’s climate and then——

Mr. MOLLOHAN. Expertise.

Ms. AVERY. The expertise. And it occurred at the same time that
NOAA’s ENSO predictive capability was beginning to mature to a
sufficient stage that there was some skill, if you will, in predictive
ENSO capability.

In fact, a lot of the initial resources were dedicated to really look-
ing at climate variability on ENSO scales rather than global cli-
mate change.

Mr. MOLLOHAN. Yes.

Ms. AVERY. That is evolving, of course, as the science evolves as
well. But you are right. I have often questioned it myself and I
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would think that there would be a need for additional RISA efforts
that might encompass coastal city environments, marine environ-
ments.

Mr. MoLLOHAN. Well, for those of us who are in-landers, it is ac-
tually encouraging because we think that we have these kinds of
climate issues, these kinds of water issues, and we are the head-
waters of everything that gets to your coastal jurisdictions.

Ms. AVERY. That is right.

Mr. MOLLOHAN. So I actually applaud that. But this program
looks like it is facilitating the competing interests of stakeholders
and trying to accommodate them in some way.

Does it get down to that level of detail or are you simply pro-
viding data?

Ms. AVERY. No, no, no. That is what is really unique. By the
way, prior to Woods Hole, I was at the University of Colorado, so
I was an in-lander too.

Mr. MOLLOHAN. Oh, well, now we start understanding.

Ms. AVERY. And, actually, I have helped with the development of
the RISA.

Mr. MOLLOHAN. I bet you did.

Ms. AVERY. And the interesting thing that I found about the
whole development of this program was it restructured the way re-
searchers think and scientists think. And it is not just that I am
going to develop information and give it to you. It really is sitting
down and developing sustainable stakeholder communities and sus-
tainable user interactions understanding how decisions are made.

One of the first things that the RISA Program in Colorado did
was actually sit down with water managers and look at a water de-
cision calendar. What time do you make decisions about managing
water? What kinds of scientific information would be needed at
what point in the year?

Mr. MOLLOHAN. Yes.

Ms. AVERY. And then from that, that helped kind of inform what
kind of science really needed to be done. So taking something as
simple as looking at water—scientists often look at water and dis-
play data about water on a calendar year instead of on a water
year.

Mr. MOLLOHAN. Yes.

Ms. AVERY. And the water year in the west begins in the fall and
goes through the summer. So something like that.

But then also, it also helped inform what kind of process ques-
tions that we really do not know in order to address some of those
scientific products that the stakeholders could use within their de-
cision calendar.

Mr. MOLLOHAN. Yes.

Ms. AVERY. That is a typical example, but it has been very active
and they have grown tremendously with little money actually, very
little money.

Mr. MoLLOHAN. Well, great. All the better. Thank you, Doctor.

Ms. AVERY. Thank you.

Mr. MOLLOHAN. Mr. Culberson.

Mr. CULBERSON. Thank you, Mr. Chairman.

We are delighted that you are here today. This Committee is uni-
fied in our passion for investing in the sciences and, as I said, real-
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ly do appreciate your independent objective opinions here today,
Dr. Avery and Dr. Serum.

I represent west Houston. I am here today on behalf of Mr. Wolf
who has a conflict and cannot join us, Mr. Chairman, so I thank
you for the time.

I want to touch on a couple of areas. I cannot begin, however,
without—I want to pass this on to you, Mr. Chairman. This is a
quantum wire from Reich University and I have already given one,
I think, to Adam. I need to give one to each member of the Com-
mittee.

A particular passion of mine is nanotechnology which NIST has
been especially key in. That is a single wall carbon nano tube, Mr.
Chairman, that they are working, they are weaving them together
into a wire. And a carbon nano tube is essentially a hollow struc-
ture of carbon 60 molecules that electricity is transmitted
ballistically without any resistance down the wire.

And once they weave that into a wire, and NIST has been a key
part of this, they will be able to transmit theoretically a hundred
million but they prefer I say a million times the electricity carried
in those gigantic steel power lines that we see today running along
freeways in a wire about the width of your little finger from New
York to Los Angeles with zero loss of electrons because there is no
heat resistance. There is no loss to electromagnetic radiation. And
this revolutionizes, Mr. Chairman and Committee members, not
only the transmission of electricity but the storage of electricity.

And using a distributed system that the scientists at Reich Uni-
versity developed, a device the size of a washing machine, essen-
tially a household appliance, using carbon nano tube technology
could store enough electricity—you could buy it off the grid at
night, store it in your electrical storage device in your laundry
room, and then run your entire house and charge up your electric
car and have enough electricity left over to sell back to the grid.

In a distributed network like that, you could make the United
States completely free of foreign oil, tell Saudi Arabia to jump off
a cliff, the Middle East, or any of them. And it would be a magnifi-
cent achievement. And NIST has been a key part of this, Mr.
Chairman.

And the standards that you establish, I think that the Alliance
for Nano Health, you have been working with some of our sci-
entists at Reich University.

Mr. SERUM. Yes, we have. Yes.

Mr. CULBERSON. And Dr. Mauro Ferrari. They are not only help-
ing us make us energy independent but also identifying cancer
when it first appears, a few cells, and be able to zap the cancer
cells with gold nano shells literally killing every cancer cell in your
body no matter where it is hiding without drugs, without surgery,
without side effect, without chemotherapy, taking out every cancer
cell in your body, instantaneously cauterizing them.

Essentially it is the difference between a carpet bombing with a
B52, which is what we are doing today with chemotherapy, and
precision surgical strikes taking out Saddam Hussein without even
singing the eyebrows of the general next to him.

And this is all possible because

Mr. HoNDA. We have seen.
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Mr. CULBERSON. Right. It is coming, though, Mike. And you guys
are doing some of that on the West Coast as well at Stanford and
up in Palo Alto. I do not mean to neglect New York and the work
that is being done on the East Coast.

Mr. Serrano, you may be doing some of this as well, but it is

Mr. HONDA. He is from Wisconsin.

CLIMATE CHANGE SCIENCE

Mr. CULBERSON. Well, it is an important chance to brag on NIST
not only for the work you do on nanotechnology and also on NOAA.
And I appreciate very much the work that you do at Woods Hole.

And let me ask a couple of, if I could, quick questions because
we are voting and we will be rotating in and out during this vote.

The work that NOAA does, and you have in particular, Dr.
Avery, worked both with NOAA and the Climate Change Science
Program, it would be very helpful from your perspective on the out-
side from Woods Hole, if you could give the Committee your assess-
ment how the federal government’s Climate Science Program needs
to change to deal with the challenges we are going to see in the
future. What should the Committee be thinking about doing to en-
hance, change our Climate Science Program?

Ms. AVERY. Okay. I think that the Climate Change Science Pro-
gram, which has done wonderful things over the last couple dec-
ades, is evolving to not only looking at the impacts associated with
policy that would lead to mitigation efforts, primarily associated
with our use of energy, but I think it needs to probably expand its
focus a little bit more, do more work in the adaptation area as well.

I think you probably are poised for the modeling to get down to
a regional scale with more skill. And I think most importantly is
the real need to get an observing system.

Mr. CULBERSON. Well, you say we only have 70 buoys in the
ocean.

Ms. AVERY. That is right.

Mr. CULBERSON. And so we need to expand the number of buoys.
And when you say get down to regional modeling, that is modeling
both the atmosphere and the ocean. So clearly we need more ocean
buoys. We need to expand that program.

Ms. AVERY. Yeah. If you think about it, I like to think about it
this way, I think sometimes people think of climate as only an at-
mosphere problem. Climate is really, the climate system is atmos-
phere, ocean, and land.

Mr. CULBERSON. Yes.

Ms. AVERY. Okay. And the climate is going to respond. It does
not say, oh, this is an atmosphere part of the problem or this is
the ocean part of the problem, this is the land part of the problem.
It is an integrated response.

Mr. CULBERSON. But the oceans are the primary carbon sink——

Ms. AVERY. Yes.

Mr. CULBERSON [continuing]. On the planet. That was, in fact,
one of the questions when I get back to my second round, Mr.
Chairman, I want to ask you about to be thinking about, to talk
to us about the work that you have done in researching fertilizing
the ocean with powdered, I would suggest, nano particles of iron
oxide in order to—because the oceans are, Mr. Chairman, soaking
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out—this is an article from February 9th, 2007 of the Journal of
Science—the uptake, natural uptake of carbon dioxide by the ocean
combined with the dissolution of marine carbonate will absorb 90
percent of the carbon dioxide released by human activities. So it
really is—this is 90 percent. The carbon sinks on earth are going
to come from the ocean, right?

Ms. AVERY. It is really impressive. If you look at a map of where
the carbon uptake of the oceans is occurring, the largest peaks are
in the north Atlantic and in the southern oceans.

Mr. CULBERSON. And then they also discover the Bay of Bengal
too

Ms. AVERY. That is right.

Mr. CULBERSON [continuing]. The Ganges Rivers.

Ms. AVERY. Yeah. And, you know, the oceans, in many ways, you
can almost say perhaps they are the first victims of climate change
because of acidification issues, the dead zones that we are seeing
in the oceans.

Mr. CULBERSON. Unless you use iron oxide, powdered.

Ms. AVvERY. We will talk about iron oxide.

Mr. CULBERSON. Acidify the ocean.

Ms. AVERY. Yes.

Mr. CULBERSON. Right?

Ms. AVERY. We need to actually do some further studies to see

if:

Mr. CULBERSON. We will talk about this on my second round, Mr.
Chairman, but it is something I do want you to be thinking about.
But the Committee does need guidance. We are voting and I will
pass the witness. But we do need guidance, if we could, about what
we need to do to change the Climate Science Program to make it
allow us to do better modeling.

Thank you.

Ms. AVvERY. Wonderful.

Mr. MOLLOHAN. Thank you, Mr. Culberson.

Mr. Schiff.

NOAA PARTNERSHIP WITH FEDERAL AGENCIES

Mr. ScHIFF. Thank you, Mr. Chairman.

Dr. Avery, as you know, NOAA undertakes a wide variety of re-
search related to climate, but NOAA does not always have the in-
house expertise or the technological capability. In particular, sat-
ellites provide some of the most useful global data for climate
change research and are key to NOAA’s missions.

Do you think NOAA has taken the right steps to partner with
NASA and other federal science agencies on climate change, in par-
ticular when it comes to gathering weather and climate related sat-
ellite data? What do you think the appropriate roles are for NOAA
operated satellites versus NASA operated satellites versus the pur-
chase of data from private satellite operators?

Ms. AVERY. Good question. And certainly there have been many
Academy studies that look at the NASA/NOAA relationship.

NASA has primarily been the source of research missions that
help us in a way define research tools, to look at understanding of
the planet Earth. But in that context, they often have a very im-
portant link to, a potential link to an operational entity.



124

So you see any numbers of observations that were from satellites
initially developed within the NASA framework and then have
been proved being of great operational importance, whether it is an
infusion into a data simulation that initializes a model, such as a
weather model, or whatever.

That transition from a research sort of satellite to an operational
satellite is a difficult transition. And there have been a number of
studies that have suggested ways to make that transition a little
bit smoother, ways to make sure that the data gets there or gets
into an operational framework.

The problem is a lot of times, there is not necessarily the exper-
tise to hand it off or necessarily the resources to hand a research
satellite over into an operational entity. And that has been basi-
cally some of the problems.

And I worked on the Decadal Study, the NASA Decadal Study
for Earth satellite observations. And at that time, one of the crit-
ical things that we were looking at is the future of NPOES and
where was NPOES going. And a number of key what we would call
climate variables or climate observations were getting thrown off
NPOES because of budgetary constraints. And I do not know what
the status of that is right now, but it is a difficult thing.

You do not want to just look at satellites though. In situ observa-
tions are important, too, and particularly for observing the ocean
in the climate system. Remember the ocean—satellites you can
only get near the surface of the ocean. You can only measure the
surface of the ocean. You cannot penetrate the depths of the ocean
because electromagnetic wave radiation will not penetrate and that
is the primary sensing mechanism.

So it is a difficult problem. I think it is an important problem.
I think it is very important that NASA and NOAA partner to-
gether.

On the private side, the question really becomes, and I have
asked this question myself, should NOAA put out a request for
data or should NOAA actually operate its own infrastructure and
what can the private sector provide?

And the real question, the stumbling block is when you are look-
ing at weather, when you are looking at climate, when you are
looking at ecosystem management, it is the continuity of the data
and whether the private sector can provide that continuity in eco-
nomic times where the industry may come and go would be the
question that one would have to ask.

Mr. ScHIFF. One other micro question. The unsuccessful launch
of the orbiting carbon observatory.

Ms. AVERY. Yes.

Mr. ScHIFF. What is your thought? Is that a must replace situa-
tion?

Ms. AVERY. Well, it certainly was in many scientists’ minds and
my own sort of the key component of taking that next step and un-
derstanding our carbon balance in the climate system and on the
planet.

That combined with a lot of programs that were being discussed
in terms of complementing that satellite program with in situ ob-
servations was really key. So the loss of that satellite was dev-
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astating and it would be, I think, highly desirable to see if it could
be replaced.
Mr. ScHIFF. Thank you, Mr. Chairman.

SATELLITE PROGRAM

Mr. MoLLOHAN. Well, just following up, what would be a sub-
stitute for the satellite?

Ms. AVERY. To get the global coverage, you would need the sat-
ellite program. The satellite program was a stand-alone program.
It was granted then, but it would get the surface sort of carbon
budget and then there is talk about looking at the ocean imbedded
carbon that is deeper down in the ocean that you would not get
from a satellite observatory.

Mr. MOLLOHAN. You may have answered Mr. Schiff's question
just exactly the way he wanted the answer. But, do you recommend
it be replaced or do you think it is essential that it happen?

Ms. AVERY. Yes.

Mr. SERUM. Yes.

Ms. AVERY. Yes.

Mr. MOLLOHAN. Mr. Serrano.

Mr. SERRANO. Thank you, Mr. Chairman.

Dr. Avery, I know that as a Director of the Woods Hole Institu-
tion, you have had a long relationship with NOAA that has in-
cluded important NOAA funded research.

Ms. AVERY. Yes.

Mr. SERRANO. NOAA through its Educational Partnership Pro-
gram and its cooperative science centers at minority serving insti-
tutions has been at the forefront of training and encouraging our
next generation of minority students.

Ms. AVERY. Yes.

Mr. SERRANO. But I also know that you have a fellowship pro-
gram at your institution. Could you share with the Committee how
that program works and what lessons we have learned that could
be used by NOAA in general as we move forward?

Ms. AVERY. Okay. Yes. We have been very, very fortunate to
have a very active fellowship program for students beginning at the
undergraduate level. We have a summer sort of scholarship intern-
ship program that brings students to Woods Hole, undergraduate
students to Woods Hole for a summer experience.

They have a month of intensive classes and then two months of
the opportunity to do research. Some are able to actually go to sea.
And it swells Woods Hole, let us say, in the summertime. It com-
plements the tourists there as well.

That program has been really essential in many ways of exciting
undergraduate students about the possibilities of doing graduate
work in ocean sciences or in geosciences more broadly. Often un-
dergraduates do not necessarily get an exposure in their under-
graduate curriculum to atmospheric science, ocean science because
they are more traditionally the physics, chemistry, and biology ef-
forts in the universities.

And a lot of students who go through that summer program actu-
ally become excited and actually go on to graduate school in ocean
sciences around the country.



126

Woods Hole happens to also have its own graduate degree pro-
gram as well.

We are really also seeking opportunities to work more closely
with minority serving institutions, particularly during the aca-
demic year on a longer time scale that allows us to develop part-
nerships with faculty at minority serving institutions and our sci-
entists here. And that is a program that is in the development
stage and we have got some initial seed funding for that and some
partnerships that we are going to be working on.

Mr. SERRANO. Well, how do these students come to you?

Ms. AVERY. They apply. We have a very well advertised program
on the web. We certainly get the information out there as much as
possible through our network of university colleagues. And then
they basically apply.

Mr. SERRANO. Well, I encourage the work you are doing and I
support it. I encourage it.

I think that too often in our society, we tend to tell some stu-
dents to go in certain directions, most students in certain direc-
tions, but we do not encourage students who ordinarily would not
know about certain professions or certain work, of the role they can
play.

And I think more and more of working with minority serving in-
stitutions to say, you know, aside from everything else that is
available in study, here is something different and exciting and
how you can play a role within the society.

And I think that we always talk about diversity in this society,
but it is also diversity of what you want people to be involved
in

Ms. AVERY. That is right.

Mr. SERRANO [continuing]. You know, to move it around, not just
to keep certain people in certain places. So I encourage and I sup-
port your work.

Ms. AVERY. Thank you very much.

Mr. MOLLOHAN. Do you want to go now?

Mr. HONDA. Yes. I have real quick questions.

Mr. MOLLOHAN. Okay. Mr. Honda.

Mr. HONDA. Thank you, Mr. Chairman.

A couple of quick questions. And if we do not have time for a re-
sponse, maybe get a written response. But to follow-up on the or-
bital carbon observatory, launching of the satellite was based upon
the failure of the rocket. But the cost of a satellite is probably tre-
mendous.

Were there multiple functions on that satellite that could have
been distributed to other satellites so when expiration of satellites
occurred that you do not have all the functions expire at once and
it just does not seem like a smart thing to do?

Ms. AVERY. Yes. That is a good question. And, unfortunately, I
do not know enough details about the specific payload and the sen-
sors and whether they could be split up or launched on other plat-
forms. So I could take a note and get back to you on that.

Mr. HONDA. I would appreciate that.

The other quick question is, there was a collaboration agreement
between NOAA and NASA on calibration and other things. One
agency was not able to do it because they had no money.



127

Is that plan coming together again for this go around and, if so,
are there sufficient funds? If not, why not?

Ms. AVERY. I will have to again find out more information about
that for you.

Mr. HONDA. And one other area that NOAA works with is San
Jose State University. They have got some projects with the Navy
postgraduate school.

Ms. AVERY. Yes.

Mr. HoONDA. My question related to that is, taking that kind of
collaboration and working together and the information that comes
out of it and looking at demonstration programs, is there any
thought of extracting instructional materials for pre-school to post-
graduate in helping us teach information in a consistent, ongoing
way so that by the time a youngster is out of school, either six,
eight, high school or graduate school, that they are a critical con-
sumer and a user of energy so that we grow not only individuals
but a community or a nation of folks that will be sensitive to the
carbon footprint and then start demanding these kinds of activities
from people like ourselves?

Ms. AVERY. Yes. Certainly the potential is there. There is a
wealth of information, consistent information and scientific infor-
mation that can be used in that educational pipeline and in that
public mission of educating people to become informed citizens on
these difficult problems.

Mr. HONDA. Those are obvious kinds of things, but is there any-
thing that is being thought of in order to execute and make it hap-
pen because we are talking about innovation, we are talking about,
you know, continuous growth?

Ms. AVERY. Yes.

Mr. HONDA. If we look at Moore’s law, we want to make sure
that Moore’s law continues.

Ms. AVERY. Yes. I do not know if there is one sort of integrating
strategic plan that is pulling it all together. There are pockets, if
you will.

So you could say, for example, the Regional Integrated Science
Assessment, the information that is coming out of that activity ba-
sically is coming out in user friendly information reports that are
transmitted widely, that are on the web, that can be part of the
education opportunity. And it is one of their goals.

Mr. HONDA. And perhaps you have someone in these inter-agen-
cies that you could ask and say would you guys conjugate about it
and get back to us on a conceptual framework or a possible sce-
nario that we can look at to put forward so that we can fund it and
make it happen.

Ms. AVERY. Right.

Mr. HONDA. It would be a crime to let this information and op-
portunity pass buy.

Ms. AVERY. Yes. And I know that NOAA has a major education
effort going on. I just do not know if they are doing something at
that level or not.

Mr. HONDA. All right. Thank you.

Mr. CULBERSON. Thank you, Mike.

If T could, I would like to ask each one of you to give us your
opinion on what, from your perspective, would be the best use—for
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example, Dr. Avery, NOAA received about $600 million in the stim-
ulus bill for construction, reading from the report, general guidance
said for construction, repair of NOAA facilities, ships, and equip-
ment, that could certainly include buoys, facilities, ships, and
equipment, comma, for the purpose of to improve weather fore-
casting and support satellite development, period.

And out of that 600 million, 170 million shall address critical
gaps and climate modeling and establish climate data records for
continuing research into the cause, effects, and ways to mitigate
climate change.

Ms. AVERY. Yes.

STIMULUS MONEY

Mr. CULBERSON. Could you share with us, Dr. Avery, first.

And then, Dr. Serum, for NIST, could you tell the Chairman and
the Committee what in your opinion would be the best use of that
money, for example, that NOAA received, the $600 million in the
stimulus.

Ms. AVERY. Okay. So there is already, I think, $170 million tar-
%eted, as you said, for the modeling capability. And NOAA has

een

Mr. CULBERSON. That is broad.

Ms. AVERY. It is gone.

Mr. CULBERSON. I am sorry?

Ms. AVERY. The 170 million?

Mr. CULBERSON. Yes, ma’am.

Ms. AVERY. Was for the computing.

Mr. CULBERSON. For critical gaps. It is just the only guidance
that Congress has given is to say shall address critical gaps in cli-
mate modeling and establish climate data records—

Ms. AVERY. Yeah.

Mr. CULBERSON [continuing]. For continuing research. So within
that, that reasonably gives NOAA some discretion.

Ms. AVERY. Yeah.

Mr. CULBERSON. How should they use that?

Ms. AVERY. I think one of the things that they have been sorely
needing is a computing capability, enhanced computing capability
for their models. As the modeling effort goes to higher and higher
resolution to try to incorporate more systems approach as well as
a resolution that gets to the regional scale, you are going to need
more computer power.

And NOAA has been hurting, if you will, for that computational
power. So investment in that computational power would be

SUPER COMPUTING

Mr. CULBERSON. Now, rather than NOAA buying one of those
computers, because I have seen the IBM blue jean computer up in
the Watson Labs—my brother builds IBM super computers to
model seismic data for the oil and gas industry in Houston.

And they are extraordinary, Mr. Chairman. They can actually
with these massive computers that run so fast create three-dimen-
sional color images that you can wear three-dimensional goggles
and get inside the geologic formation and see it, similar to what
you are talking about.
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Because those things change so fast, they have to buy new ones
about every three, four, six months to keep up. Would it be better
for NOAA to contract that work out because that is what essen-
tially the big oil companies are doing? They hire companies like
this one my brother—my brother works for IBM. He subcontracts
to a company called Western Geophysical and then Western Geo,
you know, Exxon will hire them, Shell, Contico will hire Western
Geo or some other company with giant super computers who can
give Contico the best value for our dollar.

Shouldn’t NOAA approach it the same way and simply contract
out that work for giant super computer modeling?

Ms. AVERY. I think it depends——

Mr. CULBERSON. It would be cheaper and more effective and effi-
cient; would it not?

Ms. AVERY. Yes. I think it depends on what the end product
might be, because a lot of the super computer, the modeling work
that is being done is still a tool for the research effort itself. So you
need that close connection between the researcher and the com-
putational code, if you will, the models that are being generated.
It is not like there is a set model there that you could just hand
off to someone to run, to do several runs.

So I think it depends. I think I would need to know more and
to weigh whether a contracting arrangement would be better than
actually purchasing.

Mr. CULBERSON. Atmospheric modeling data you are saying is
different from seismic data and you could not just hand that data
over as the oil industry does to a company like Western Geo? They
just give them a big slug of seismic data and they crunch it over
a couple of days and then give them the visualization. That is what
you are talking about.

?Ms. AVERY. Oh, okay. You are talking about the data aspect of
it?

Mr. CULBERSON. Couldn’t the modeling data simply be, the at-
mospheric data be handed over to a private company like that that
does really top-notch work with cutting edge computers and do it
at a far better, cheaper price for the taxpayers and better computa-
tional power at a better price?

Ms. AVERY. I do not know. You would have to do an analysis, I
guess, and determine which way would be the best.

Most of the time that I look at, as I see scientists working with
modeling and data in the super computer, a lot of that work is ba-
sically still in the research phase and they are still developing the
models or they are still developing the data sets.

If the data sets were already there or the models were already
done and were all agreed upon and there was no further research,
in other words they were set, you could then probably hand it off.
In your case, the oil companies, did the oil companies have the
models themselves

Mr. CULBERSON. It is raw data.

Ms. AVERY. It is just raw data?

Mr. CULBERSON. I mean, it is what you are talking about.

Literally it is raw data, Mr. Chairman, that the oil companies,
and literally it is a competition. That is what my brother does for
IBM. Western Geo has HP and IBM building these things.
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Is it the second vote?

Mr. MOLLOHAN. Yes.

Mr. CULBERSON. Okay.

Ms. AVERY. Yes.

Mr. CULBERSON. I am going to run down and vote. He is very
generous with his time allowing me.

Ms. AVERY. He is. I see.

Mr. CULBERSON. But we would love to hear from you. I know he
would too. And I will quit interrupting with questions. How should
NOAA spend the money and how should NIST spend that money?

Ms. AVERY. Okay.

Mr. CULBERSON. And I will go vote. Thank you for your gen-
erosity with the time.

U.S. COMPETITIVENESS

Mr. MOLLOHAN. Dr. Serum, this mission is to promote U.S. inno-
vation and industrial competitiveness by advancing measurement
science, standards, and technology in ways that enhance economic
security and improve our quality of life.

Which segments of our economy depend on NIST research prod-
ucts and services?

Mr. SERUM. It turns out that almost every industrial segment
that one can think of that NIST affects in one way or another, one
can consider from the standards that are defined for mixing cement
for durability, hardness, longevity and so forth, all the way up to
healthcare and doing research in the latest biotechnology, DNA
array technology.

And the fundamental aspect of NIST, of course, is making accu-
rate measurements so that industries can use standards that can
be measured. And so it really is just about every industry that I
can think of NIST touches in some fashion.

Mr. MOLLOHAN. And give us your thinking about how NIST im-
pacts the lives of ordinary citizens. Give us a relevant statement
of NIST for the ordinary population.

Mr. SERUM. Well, you mentioned in the mission that their focus
is on improving the quality of life. And so perhaps one might begin
with the field of healthcare.

One can cite many examples, but all the way back in the, I think
it was something like 1917, NIST, there was a lot of problems with
dental amalgams and NIST got involved in healthcare way back
then to define a standard for mercury amalgams in dental fillings.

As one moves along, one can talk about standards for glucose
measurements, the little meters that measure a diabetic. There are
standards for defining that. The cholesterol test, there is a stand-
ard. And NIST has worked those out.

And certainly in healthcare, last but not least, all of the
diagnostics that back in the early 1990s when the world trans-
formed to DNA measurements as a diagnostic, it turns out that,
and I was part of that at Hewlett Packard, that the arrays were
not very accurate and depending on whose one used, you could get
different results, different interpretations. And NIST had under-
taken an effort to work out accurate measurements of DNA and
working towards standardization of those devices.
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I can mention things like fire safety. NIST defines the fire re-
tardant requirements for:

Mr. MOLLOHAN. Let me interrupt——

Mr. SERUM. Yes.

Mr. MOLLOHAN [continuing]. You for just a moment. We have
two more votes. These are five minute votes. This vote has 33 more
seconds. We will vote this vote, vote the next vote, and we will re-
sume. And the hearing will be in recess until we do that.

[Recess.]

NIST SETTING STANDARDS

Mr. MOLLOHAN. The hearing will come to order.

Following up, Dr. Serum, on those questions. So one of the big
benefits, of course, NIST sets standards. And those standards are
followed. Certainly the United States has standards for everything,
I guess, almost.

Mr. SERUM. Yes.

Mr. MoOLLOHAN. What has been the experience with standards
setting around the world and to what extent has NIST provided
leadership in that area?

Mr. SERUM. Actually, NIST is a very, very highly respected agen-
cy throughout the world. The French organization, I think it is
called System Internationale, SI, holds the world’s standards on
things like the meter and the kilogram and things like that.

And I had the opportunity to participate in an international con-
ference that was related to what are the most critical measurement
needs as we look forward in the 21st century related to bioscience
measurements and healthcare. And it was an international meet-
ing and it was important enough to other international agencies
that they sent their directors, the heads of the agencies from
around the world, the Netherlands, over in the Middle East, and
France and Germany and so forth.

And a number of them knowing that I was the Chairman of the
Visiting Committee came up to me and told me what phenomenal
respect they had for NIST as a standards setting body.

In addition, it is probably worthy of comment that NIST acts as
sort of a mentor to developing standards organizations in South
America and places where they do not have a lot of experience and
they look to NIST as both a model and a mentor. NIST has hosted
people for that.

And, of course, we are a global economy and global standards are
absolutely necessary and for people to adopt standards globally
that NIST promotes and develops is extremely important for U.S.
industry.

Mr. MOLLOHAN. So in addition to being a model and a mentor,
NIST is a guide?

Mr. SERUM. Absolutely, yes.

Mr. MOLLOHAN. And the standards are followed?

Mr. SERUM. Yes. The process of standardization is not an easy
one. I was involved in a variety of standards activities in software
and hardware while I was in Hewlett Packard. And it is a little
like pushing on a rope. You do not know where it is going exactly
and you have to have quite a bit of patience.
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But, yet, a lot of leadership demonstrating why the standard is
necessary and then convincing organizations to do it because there
is nobody holding the whip that says they have to do it, each coun-
try is sovereign, and so it is only by respect and by the quality of
the standard and the details that NIST standards are adopted and
respected.

Mr. MOLLOHAN. Well, just as a general proposition, what is the
trend line? I guess what I am trying to get at is the relationship
between standards setting for products and processes and the ac-
ceptance of those standards and processes by other economies, by
other governments, and the importance of that acceptance to our
economy.

If I am understanding your statement, in the past, the United
States has typically been followed in many areas. Please mention
some cases where it was not, and is this true looking forward or
are there any concerns that U.S. leadership in standards will not
be followed? Are we ceding leadership in this area and is there any
aspect of standards setting with which we should be concerned and
looking at?

Mr. SERUM. Well, based on my interaction with NIST, I guess I
could answer that maybe in two different ways. One, there are
standards that involve international trade that may be somewhat
mundane, may have very strong opinions by other countries, Ger-
many, France, Netherlands, and so forth, in which the United
States has good respect and plenty of leadership, but not a domi-
nant role.

The other point that I would make is NIST is fundamentally a
research organization and it goes about developing standards from
the foundation of very accurate measurement that can be developed
upon which a standard is based.

And as I look across NIST and to answer your question about
what does the future look like, I would say I would expect NIST
to take an even greater role internationally because of the role of
technology and the rapid changes that are occurring.

Mr. Culberson talked about nano particles now or tubes, nano
materials. I recently saw an expert opinion that as much as 50 per-
cenlt of all future technology-based products will involve nano mate-
rials.

And that is one of the reasons why the great amount of work on
toxicity of nano materials because should the horse get out of the
barn and then one finds toxicological effects after the fact, it could
be devastating to the economy. And so NIST has taken a very
major role in the toxicology of nano particles.

Mr. MOLLOHAN. And how does that relate to standards setting?

Mr. SERUM. Well, again, that is basic research. But when one
thinks of nano particles, the way one’s body ingests material, nano
particles will be in everything you can think of.

Mr. MOLLOHAN. Exposure standards?

Mr. SERUM. Exposure. So the dimensioning, the size, the geom-
etry, the chemical properties of a nano particle right now cannot
be predicted a priori. The science just is not known. So doing fun-
damental science in that work, trying to relate structure and com-
position of nano particles to toxicity is really important.

Mr. MOLLOHAN. Thank you.
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The 2010 suggested budget request is .8 billion. And that is no-
tionally broken down for NIST. And there are additional resources
provided in “The Recovery Act” which we would add to the 2009
funding.

Looking forward, Dr. Marburger, the President’s science advisor
last year, testified before this Committee in response to some ques-
tion to the effect that if you had additional dollars, where would
you spend them in science, and he said NIST.

Mr. SERUM. Good for him.

Mr. MoLLOHAN. And so he was asked what kind of numbers are
you talking about. And I am not going to say exactly because I
would be guessing, but it was a really surprising multiple of the
NIST funding. Say it was twice or three times. And, actually, I
think it was some multiple higher than that.

But whatever the multiple, do you agree with that and why?

Mr. SERUM. Yes, [——

Mr. MOLLOHAN. Now, this is vis-a-vis other science accounts.

THE AMERICA COMPETES ACT

Mr. SERUM. Yes. I understand. Yes, I do agree with it. In fact,
I have said privately to people that when one talks about “The
America Competes Act” and talk about doubling the budget, that
represents about a seven percent per year growth. And I have said
in response to that we are very grateful for that because of the
challenges.

Mr. MOLLOHAN. That is the right thing to say first.

Mr. SERUM. Yes. But I could easily see the NIST budget doubling
and enabling them to make very good use of those funds.

When one looks at the challenges that NIST is involved in re-
lated to fuel cell research and energy, the energy grid, and that is
an easy word to say and it is an extremely complex problem to
solve, you do not——

Mr. MOLLOHAN. The energy grid?

Mr. SERUM. The energy grid.

Mr. MOLLOHAN. Yes.

Mr. SERUM. You do not just plug all the grids together and you
have an energy grid. You have to have a whole new infrastructure
of security management. You need to have standardized equipment
that knows how to measure energy as it is moved around.

And then in the context of alternative energy sources, one faces
a whole new set of measurements to assure that as energy moves
around on a new grid that it does so and is managed in a secure
fashion, in an accurate fashion.

When one looks at healthcare, the way NIST has managed their
research, which I enthusiastically support, is they have these main
thrusts of we have a deliverable to make and we have to make
progress. And they are full of ideas, full of new technological ideas
that are just waiting to be nurtured.

And what they do is they have a competitive sort of evaluation
each year in which they nurture some of the more promising ideas
just enough to keep the germ alive but not enough critical mass to
actually fund them.

There are many, many of those that have been worked on and
are waiting to blossom. There are very, very outstanding ideas for
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transfer of technology to industry related to energy and infrastruc-
ture and information technology. A complex system you are talking
about, NOAA, and the management of that data.

When one looks at climate change, one of the big problems is
knowing that there are so many variables that actually exist. NIST
has a lot of competency in complex systems information science.

And so I could go on and on about germinating ideas that could
utilize that money almost instantaneously.

Mr. MoLLOHAN. Well, I may let you do that because I am very
interested.

Mr. Bonner has not had a chance to ask questions.

Mr. Bonner.

Mr. BONNER. Thank you, Mr. Chairman. And I am sorry that I
was not here at the beginning for the opening testimony.

Mr. MOLLOHAN. You made a point of being here early before.

GULF COAST AND NOAA

Mr. BONNER. I had some constituents that I needed to see. But
you may have covered this, Dr. Avery. I know it is in part of your
written statement. But first of all, a compliment. I think I am the
only member of the Subcommittee that actually lives on the Gulf
of Mexico. And we have had, as you know, quite frequent occasion
to use the talents and the services of NOAA, the National Weather
Service, and others who have come to our rescue before the storms
have come and certainly afterward. Ivan, Katrina, Rita, a lot of
damage, in fact, with Katrina obviously the worst natural disaster
in U.S. history. So thank you for the wonderful work that is done
there. Red tide, living on the water and actually seeing how some-
thing that has an innocent enough name can do so much damage
and destruction is something that, again, I give hats off to NOAA.

On the National Marine Fisheries Service, however, I will have
to ask you, and I am doing it in a respectful way. Based on your
experience, is there room for new thinking within the processes by
which MNFS considers all the data with regard to putting fish pop-
ulation on a list? An example. The Gulf Coast charter industry is
a $650 million a year industry in my district. These are small, fam-
ily businesses. Mom and Pop take out a loan to get a million and
a half, $2 million boat. And when they are told, when scientists in
our own academic universities with marine biology degrees are say-
ing that the red snapper population is ample, or has enlarged in
the last ten years. And then they are told by National Marine Fish-
eries people that no, it has not. It is over fished and it is endan-
gered. You cannot expect a family to go down and charter a boat
for $5,000 to go out and catch two snapper. And so my question to
you is, based on your experience, does the mind set at MNFS allow
for new ideas and new information that could help perhaps bring
a more balanced perspective on something such as listing a fish?

Ms. AVERY. That is a good question. I think that you will see
right now a growing awareness that sometimes managing fisheries
in terms of a single stock works, more often it does not. And it is
because you are looking at the, you really need to look at the entire
ecosystem that supports that particular species. And that is what
we mean by ecosystem based management. And that approach to
fisheries I think is one that should increasingly become something
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that NOAA looks at. I think there is even an interesting twist on
it, now, in that whereas before without the climate problem one
might have looked at that ecosystem from a stationary climate per-
spective, nowadays you have the additional stress that that eco-
system could be stressed by climate change. NOAA is the right
agency to kind of merge that marine effort, fishery effort, the eco-
system based management effort with the climate effort to come up
with something that has new ideas on how to actually get good,
sound, consistent information out. But it is a wonderful topic that
NOAA is positioned to do. Or should be positioned to do.

Mr. BONNER. Well, we look forward to working with NOAA.

Ms. AVERY. That is good.

Mr. BONNER. In that conversation.

Ms. AVERY. That is great.

Mr. BONNER. That is all I have, Mr. Chairman.

Mr. MOLLOHAN. Thank you, Mr. Bonner. Mr. Culberson.

Mr. CULBERSON. Thank you, Mr. Chairman. Mr. Chairman,
would it be possible for me to have, maybe, two, may I ask two sets
of questions? Do I have time for, one on, I wanted to ask them
about how did

Mr. MOLLOHAN. For a reasonable length of time, you can ask

Mr. CULBERSON. Yes, sir. I wanted to make sure I did not run
out. I want to ask you about——

Mr. MOLLOHAN. But you may run out——

Mr. CULBERSON. I will be prudent.

Mr. MOLLOHAN. All right.

FERTILIZING THE OCEAN

Mr. CULBERSON. I will be prudent. Thank you, sir. If I could ask
you very briefly and succinctly, because I want to get to a second
set of questions with you, Dr. Avery in particular, about fertilizing
the oceans. Could you tell us in your own opinion how, what would
be your best recommendation, again short and succinct, on how
NIST and NOAA should spend the additional stimulus money?

Mr. SERUM. Yes. I think that one of the things that happened
this year in the NIST planning activity was a matrix between the
feedback that they had gotten in all of their programs related to
priorities and comparing it to the new administration’s priorities.
And there was actually an excellent amount of overlap related to
moving ahead in energy field, in healthcare, in infrastructure. And
so I believe that, well, I would say the visiting committee supported
those initiatives and many are just starting as initiatives.

Mr. CULBERSON. You know, NIST has very broad discretion——

Mr. SERUM. Yes.

Mr. CULBERSON [continuing]. In how that money is used.

Mr. SERUM. Yes. So the way I would answer it is, we believe that
those are excellent priorities related to accurate measurements in
climate change, moving ahead in understanding fuel cell function
more effectively, photovoltaics.

Mr. CULBERSON. Especially with carbon nanotubes.

Mr. SERUM. Yes. Yes.

Mr. CULBERSON. Because they make photo cells up to 60 to 70
percent efficient.

Mr. SERUM. By the way, I post-doc’ed at Rice in 1970.
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Mr. CULBERSON. Did you?

Mr. SERUM. Yes.

Mr. CULBERSON. Did you work with Dr. Rick Smalley? Was he
there at the time?

Mr. SERUM. Oh, yes. He was an undergraduate partner of mine.

Mr. CULBERSON. Did you get to meet him?

Mr. SERUM. Yes.

Mr. CULBERSON. Extraordinary, brilliant man.

Mr. SERUM. So I think that making real headway in many of
these areas, cyber security, making sure that all the transactions
that are conducted on the internet are really secure, personal iden-
tity protection, things like that. Those are all easy to say. They are
not so easy to implement. And a lot of effort has to go into them.
And if it were, if it is up to me I am consistent with those priorities
that have been established.

Mr. CULBERSON. And then before I move on to Dr. Avery, are the
research, is the research work done by NIST awarded, peer re-
viewed, competitively based research grants?

Mr. SERUM. I want to make sure I understand you correctly. Do
you mean like the National Science Foundation?

Mr. CULBERSON. Yes. Do you all farm out the grant money? Is
it—

Mr. SERUM. No. Mostly not.

Mr. CULBERSON. It is all done in house by in house scientists?

Mr. SERUM. It is mostly in house or partnered. If, for example,
since you are very interested in nanoparticles, I have been quite in-
sistent that they do not develop a whole toxicological department
for that. But they partner with some world class organization to do
that. They are the measurers and the developers of the technology
and so forth.

Mr. CULBERSON. Right. Texas Medical Center is ready to do that,
through the Alliance for Nano Health.

Mr. SERUM. All right.

Mr. CULBERSON. They have got a huge patient base, as well.

Mr. SERUM. So they will either do it themselves or they will part-
ner to do it. And that is primarily their approach.

Mr. CULBERSON. Thank you. Then Dr. Avery, very quickly if you
could, and then Chairman, I may, I may have one brief follow up
after the Chairman. How should NOAA use the stimulus money?

Ms. AVERY. Okay. So we talked about the computation of re-
sources.

Mr. CULBERSON. Yes, ma’am.

Ms. AVERY. And, you know, in many ways you get the petaflops
necessary to do the job with the right architecture. And how you
get there, the cheapest way is probably what you need whether it
is contract or elsewhere.

Mr. CULBERSON. More computing power?

Ms. AVERY. Yes. More computing power, right architecture, sat-
isfy the research needs. That is basically what you need. And the
other areas for, in terms of facilities, certainly NOAA’s ship, its re-
search ships, could use an upgrade. And clearly the ocean observ-
ing system that they are poised to put in place would be another
area that one could look at. And, I would also take a look at what
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other facilities that need major renovation that would lead to en-
hanced research services and operations.

Mr. CULBERSON. What about the satellite that was lost, number
one?

Ms. AVERY. Okay, yeah.

Mr. CULBERSON. And number two, why doesn’t NOAA or NASA
carry insurance on those satellites like the Europeans do?

Ms. AVERY. Oh, I do not know. Self-insured, government self-in-
sured, I guess. But that is the other question on the facility thing.
Is it also for rescuing some of the satellite programs that have been
lost? Or making sure that the satellites get up? I do not know if
there is a separate budget in the stimulus package for the satellite
programs or not on that.

Mr. CULBERSON. Thank you. Thank you. I have one extra area
but I will wait until you are through. Or whenever you want me
to do it. May I? Thank you, you are very gracious. The Chairman
really is very generous with the time and it really is a joy working
with you on the sciences. He knows how passionate I am about the
sciences.

Ms. AVERY. That is great.

Mr. MOLLOHAN. It is obvious.

Ms. AVERY. It is obvious.

Mr. CULBERSON. And, do you remember in the movie “The Grad-
uate” where the young man, remember Dustin Hoffman they said,
Mr. Chairman, at one point, the father of a friend approaches him
and said, “Young man, the word is plastics.” Today, if that movie
were remade the word would be nano.

Mr. SERUM. I agree.

Mr. CULBERSON. No doubt. It will be nano in everything we
touch, see, and hear.

Ms. AVERY. Can I interject?

Mr. CULBERSON. Yes, ma’am.

Ms. AVERY. On the nano piece. There is a wonderful opportunity
for a NIST/NOAA collaboration associated with the nano particles
and the toxicity. Because it is not just toxicity to humans. It is also
a real concern, I think, in the ocean sciences community of how
these particles, if they get into the ocean, how they interact with
a very unique life environment.

Mr. CULBERSON. No question.

Ms. AVERY. And so the marine side is, in toxicity

Mr. CULBERSON. Let me say at the outset, there is absolutely no
evidence that it is toxic to anybody.

Mr. SERUM. No.

Ms. AVERY. Absolutely not.

Mr. CULBERSON. Because they are so small. I do not want to
leave the Chairman or the Committee with the wrong impression.
It needs to be explored.

Ms. AVERY. That is right.

Mr. CULBERSON. Because it is brand new.

Ms. AVERY. That is right.

Mr. CULBERSON. There is zero evidence, unless you, you know, it
is like with Sweet 'n Low. Unless you inject the poor mouse with
about a gallon of Sweet 'n Low it might be toxic.
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Mr. SERUM. Incidentally, there is a, the Hollings Marine Biology
Group in South Carolina, in Charleston, is, we went down there
this past year and did a full day review on the work. And they are
dﬁ@ng just outstanding cooperative work. It is an excellent relation-
ship.

Mr. CULBERSON. Well, if I could, Mr. Chairman, the one area I
want to explore and then I will pass, and you have been so kind
with your time, in light of the fact that we do know that the oceans
are responsible for absorbing up to 90 percent of all carbon in the
atmosphere. The oceans, you know, the good Lord designed this
natural sink, and the dust storms, Mr. Chairman, off Africa a sci-
entist I think at Woods Hole?

Ms. AVERY. Yes.

PLANKTON BLOOMS

Mr. CULBERSON. Noticed that whenever there was a dust storm
in Africa and it blew all that dust out over the Mid-Atlantic that
there were these huge plankton blooms. Because it is my under-
standing that a cubic yard of mid-ocean water contains less life
than a cubic yard of Sahara Desert sand. Is that roughly correct?

Ms. AVERY. Yes.

Mr. CULBERSON. Because that is why the water is clear. And
when the dust settled in the ocean the plankton bloomed. He no-
ticed that there was this vast reduction in carbon dioxide, release
of oxygen. He put two and two together. And I have been following
this closely. I have been a subscriber to the journals Nature and
Science for about twenty years. And he was unable, of course, to
get permission from the United States. So he went to Peru, off the
coast of South America, rented an iron, a freighter. Put powdered
iron ore in it, and hired some guys I guess with snow shovels, Mr.
Chairman, like a lawn fertilizer. And just drove back and forth
over the ocean. And correct me at any point if I am wrong. And
just fertilized the ocean off the coast of South America. Measured
the results, and it was dramatic.

And correct me again if I am wrong. But I do not remember his
name, I would love to know his name, number one. And we are
going to have hearings week after next on climate change. But if
you could tell us, the Chairman in particular, the scientist’s name?
And then correct me if I am wrong. He says that if you give him
a tanker of iron ore he will give you an Ice Age. You know, and
he is very serious about it. I mean, you really have to be careful
with this stuff. So carbon sequestration is a terrific idea. We are
trying to get, you know, the Chinese? They could care less. They
are building vast numbers of coal, they have doubled, the Chinese
have doubled the amount of carbon dioxide they are pumping into
the atmosphere in ten years. And if you look at a satellite image,
Mr. Chairman, of the, taken over the Pacific Ocean, look at the pol-
lution bloom? It is appalling. I have had friends that went to China
that are runners? They cannot even run in any of the cities in
China. The pollution is so bad you cannot see across the street.

So the Chinese are pouring out carbon dioxide. We are not going
to get them to do it. The Indians are pouring out carbon dioxide.
You know, we really need to be careful before we handcuff Amer-
ica. But in the meantime, when we are debating that, could you
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please tell the Chairman about the work that Woods Hole has done
on fertilizing the ocean using, and again, nanoparticles of iron
oxide, you do not have the acid problem.

Ms. AVERY. Yes.

Mr. CULBERSON. The plankton can take it up more quickly.
There is no acidity. I have already had Rice University graduate
students helping me look at this.

Ms. AVERY. Yes.

Mr. CULBERSON. And I would very much, Mr. Chairman, if I
could I will throw out an open ended question and then close. I
like, if I could, Dr. Avery to help work with us during the carbon,
the week that we have some hearings on climate change. Come
talk to us about carbon sequestration, in particular fertilizing the
ocean. That is a natural for NOAA to do and Woods Hole is the
world’s expert on it. Talk to us about fertilizing the ocean and what
effect that can have as a carbon sink and helping us reverse the
carbon in the atmosphere, and how careful we have to be because
we could trigger an Ice Age.

Ms. AVERY. Okay. I think, first of all, Woods Hole’s effort in all
of this, of course, is to understand the underlying basic premises
or processes associated with the idea of iron fertilization as a
means for carbon sequestration. And there is still a lot of work to
be done. Research currently is focused on whether iron stimulates
a bloom. And as Mr. Culberson said, it does.

Mr. CULBERSON. My description was accurate.

Ms. AVERY. Yes. It stimulates a bloom. There is no question it
stimulates a bloom. Where there has, where the research has not
taken us yet, and where we do not know, is whether the carbon is
ultimately buried and for how long it remains buried before it
might come up again. And that is sort of the next stage of research
that needs to be done. The other thing that needs to be done is tak-
ing some of these what we would call small scale pilot examples.

Mr. CULBERSON. Like the fertilizing the ocean off of Peru.

Ms. AVERY. Like off of Peru. What happens when you expand it
to larger scales? Industrial level scales? That particular question
has not been answered. WHOI did do, sponsored a workshop.

Mr. CULBERSON. Who?

Ms. Avery. WHOI, the Woods Hole Oceanographic Institution. I
am sorry. I speak in acronyms and I should not.

Mr. CULBERSON. Thank you.

Ms. AVERY. We call it WHOI.

Mr. CULBERSON. Thank you.

Ms. AVERY. We did do a workshop about a year and a half ago,
or a couple of years ago, bringing a number of experts together to
just focus on the iron fertilization issue to try to get it all out on
the stage. What has worked? What do we know? What do we not
know? What needs to be done? And there is a report on that work-
shop that we published in our Oceanus. So I will be happy to get
that to the Committee because I think it is a very nice, done in
public understanding language that would be helpful. And then I
would be happy to give you a list of some of our scientists who
might be able to come and really talk to you in more detail.

Mr. CULBERSON. Week after next?

Ms. AVERY. Yes.
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Mr. CULBERSON. Week after next, and this finally, ten seconds,
just this could be an area I think, Mr. Chairman, if we could look
at giving some money, designating money within NOAA to help do
this research as a really important way of getting carbon dioxide
out of the atmosphere very rapidly. And I think the plankton, they
all, it turns to limestone.

Ms. AVERY. Yeah.

Mr. CULBERSON. It is buried forever.

Ms. AVERY. The question is how it gets buried. Yeah. I do not
know if it is going to stay there forever. We do not know yet.

Mr. CULBERSON. Thank you, Mr. Chairman, for your indulgence.

Mr. MOLLOHAN. Thank you, Mr. Culberson. Welcome, Mr.
Ruppersberger.

Mr. RUPPERSBERGER. Sorry. We have other hearings also, so you
try to jump from one to the other. How is your friend WHOI doing,
by the way?

Ms. AVERY. My friend WHOI is doing well.

RESEARCH AND NOAA BUDGET

Mr. RUPPERSBERGER. Okay, that is good. The one, and only just
one question, and if it has been addressed then just let me know.
In your prepared statement you describe the inequity between the
dollars allocated for research and the rest of NOAA’s budget. And
that has been a trend for a while, and it is unfortunate but hope-
fully we will be able to turn that around. In your opinion, do you
think NOAA is capable of adequately addressing some of the most
pressing issues, I think, of what we deal with in this country, if not
the world. Which includes the impact of climate change on sea lev-
els, drinking water supplies, and our environmental concerns that
can impact the entire world. If you could address those three, and
if you feel, again, the question, do you feel that NOAA is capable,
if more money, money does not always solve a problem.

Ms. AVERY. That is right.

Mr. RUPPERSBERGER. And you have to have your priorities, you
have to have your staff in place. And so if you can get into a little
bit of detail on those three?

Ms. AVERY. Yes. The answer to your question is yes. But NOAA
cannot do it all internally. NOAA has to basically make sure that,
in tackling these problems, it puts together the expertise base from
{she entire country, if you will, to actually tackle some of these prob-
ems.

hMg. RUPPERSBERGER. That is pretty broad. What do you mean by
that?

Ms. AVERY. Well, what I mean by it is, you know, NOAA has its,
I talked a little bit about this, it has its own in house research sci-
entists group. But it also partners with universities in getting addi-
tional expertise and collaboration on some of these.

Mr. RUPPERSBERGER. And that is a very good point.

Ms. AVERY. And that is a very important strategy. And so
NOAA'’s research, if you will, is almost leveraged in many ways by
seeking these partnerships throughout the country that allow them
to leverage those facilities, those minds, that expertise, that stu-
dent base, etcetera, to tackle these problems. But yes. NOAA can
play a tremendous role in the adaptation agenda. The climate im-
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pacts and adaptation, your issue of sea level rise. An important
sort of modeling effort, observational effort, that is needed. A proc-
ess understanding with the thermal expansion of the ocean, getting
that pinned down a little bit more. Its work with stakeholders on
some of these issues is going to be critical in investing more effort
into some of the regionally integrated science assessment and simi-
lar programs that they already have there would be useful.

Mr. RUPPERSBERGER. You talked about academia, which I think
is extremely important. Those partnerships. And you can do a lot
of the research that is needed in those arenas. And a lot of the peo-
ple in the colleges are going to be our future people working in this
area.

Ms. AVERY. That is right.

Mr. RUPPERSBERGER. How about in the business community?

Ms. AVERY. Yeah. I think, you know, NOAA has been, actually
NOAA has developed a real nice partnership, or it has evolved. And
there is always a little bit of tension. But it is really working very
well now with the private sector. And they have done a lot of work
with the value added that is associated with the private sector. You
know, when we talk about a national climate service and how it
can reach any number of sectors of decision makers, there is prob-
ably a very key role for the private sector in producing what we
would call value added information and working with that, with
that service with the research community to develop that. You are
going to need to have some discussions on, and policy discussions,
on what is sort of a public service and what belongs in the private
sector.

Mr. RUPPERSBERGER. When you are an appropriator, or you are
an administrator, or whatever, there is not enough money for ev-
erything. So, you know, you have got to look at requests, you have
got to prioritize and then decide where you go. And sometimes you
cannot do it all. But if you were to, if you were appropriator and
you vgere focusing on NOAA, where would you prioritize the money
to go?

Ms. AVERY. Oh, man.

Mr. RUPPERSBERGER. Knowing that, well, you are the expert and
knowing that they, knowing that you need staff, you need the in-
frastructure and the resources probably that exist already so that
we can make sure what we do do we do it the right way. And after
that I am finished.

Mr. MOLLOHAN. Well, there is always Woods Hole.

Ms. AVERY. Yeah, really. I can think of triple the budget. Are
you, that is a big question. Do you, can I narrow it?

Mr. RUPPERSBERGER. Can your friend WHOI handle that?

Ms. AVvErRY. WHOI could handle that, yeah. Or some of it. We
would probably reach out to others, though. Are we talking about
in the research house specifically? Or do you want me to get

WATER SUPPLY

Mr. RUPPERSBERGER. Why do you not talk about the issues of sea
level, drinking water supplies, and the environmental impact on
other countries in this hemisphere, in South America and Canada,
and where does the wind go. You know, I happen to be from Balti-
more but I understand all of our bad air comes from Ohio.
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Ms. AVERY. Well, certainly sea level rise is a critical research
area and there is a critical need to get the observations that will
help us understand better the processes associated with sea level
rise. As we all know, the accelerated ice melt in the arctic is a key
sort of climate issue that impacts us all. The research area associ-
ated with sea level rise and why, we are perhaps, not capturing
that adequately in models yet, is probably associated with the dy-
namics of the thermal expansion of the oceans. And we do not have
enough observations to actually help us with that. So that is a key
question that gets to can I do sea level rise, and how are my coasts
going to respond to sea level rise?

The drinking water, key, and the National Integrated Drought
Information Service was one step but the whole issue of looking at
water resource availability and being able to work with models that
help decision makers, help cities, help agriculture people decide
how you are going to manage water in the, fresh water in the fu-
ture is, again, a key thing that NOAA could be doing. And environ-
mental quality in general is going to be key.

Mr. RUPPERSBERGER. Okay, thank you.

NIST

Mr. MOLLOHAN. I want to revisit just a little bit the line of ques-
tioning that I was pursuing with you and Dr. Serum before the
vote. Staff handed me the quote from Dr. Marburger last year and
let me just read it. “NIST 1s a focused, well managed agency that
ought to be about four times bigger than it is, in my humble opin-
ion. And although it is a small agency that is why it features in
the President’s American Competitive Initiative. And that priority
has been embraced in the America Competes Act and by others. So
I would start with NIST.” And the question was, where would you
spend additional money for science research if you had additional
money? So that was quite a ringing endorsement for NIST.

Mr. SERUM. Yes.

Mr. MOLLOHAN. And you were sounding just like Dr. Marburger
did when you were answering my question. I do not know whether
you had finished and I think I interrupted you in the middle of
your answer. So, I wanted to give you an opportunity to elaborate
on that. If we are going to increase spending for research in the
area of science, as this administration has signaled it wants to,
then we would like to hear every case made for different research
opportunities.

Mr. SERUM. Yes. So, just continuing, I think that, you know, I
started out by saying I think that the budget could be doubled im-
mediately and they would know how to deal with it. There are a
couple of things that are important there. NIST is an unbelievably
conservative organization. It goes through the management of their
funds as well as their self-aggrandizement in the publicity, and so
forth. And I used to complain about that. But the fact is that their
response was, if you cannot measure it then you had better not
brag about it. And if they cannot exactly measure the contribution,
which I felt was enormous in many industry segments, then we
should not speak about it. So they are very careful. And in that
carefulness and that conservative approach, they manage, I have
observed them in my ten years managing on the up side of money
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and on the down side of money very effectively. And when, I think
the last two years they were on a continuation budget most of the
time. And I watched them reprioritize to make sure that the most
critical programs were moving ahead as planned and as committed.

Their ability to respond quickly, I can think of two things. One
is the World Trade Center bombing in which NIST immediately
dedicated resources to not only understanding the cause of the col-
lapse, and on our review board we went through that in gory de-
tail, in which they recommended whole, entire new tower structure
construction regulations or guidelines in order to accomplish that.
That was not on their vision plan. The American Voting Act, or
whatever the official name was, how do you, every American has
the right to vote, you want to make sure that all the votes count
correctly and just once. And that is a question of accuracy of voting
machines. They jumped into that and immediately made rec-
ommendations for it. Those are not, that latter one is not large.
But it is an example of how they can jump into something quickly
and know how to deal with it and how to deliver a result.

As far as my priorities, when I look at energy, when I came into
the Chairmanship I was thinking about where I would put my dol-
lars if it were up to me. And in my, sort of my inaugural address
on my first, in our first meeting, I spoke about the importance of
energy independence and the many, many areas of contribution
that NIST can make in that regard. And therefore, I would make
energy, and again I say it goes to the measurement of energy. It
goes to developing new sources. They have ideas on much more ef-
ficient solar panels. They have very good ideas on more efficient
fuel cells, for hydrogen fuel cells. They have, they have been work-
ing in research on battery optimizing, or improving the perform-
ance of batteries so that the GM product when it comes out can get
more then forty miles on a single charge. Those are critical to our
energy independence. And I believe is very important for NIST to
take on. And they recognize that. And they listed that in their
three-year plan as one of the most important.

And again, I have not seen the number in the last year. But the
amount we spend on healthcare is probably something like $1.4
trillion or $1.5 trillion now. It just, I can hardly even begin to
speak to the impact that some of these diagnostic measures can
make. At this international conference, bioimaging was determined
to be one of the most critical contributions that one can make.
NIST is doing several initiatives in bioimaging. The problem is one
of sensitivity and specificity in order to do a diagnostic at the very,
very early stage. And so NIST has the, if it were funded appro-
priately, NIST could probably make some significant contributions
in bioimaging and that is one of the very important areas.

And I have already spoken about the field I have gotten into in
the last fifteen years is really biotechnology, and understanding the
role of both DNA, RNA and proteins in the cause of disease. NIST
is working on structure function relationships and proteins for un-
derstanding that kind of disease. Each one of these has absolutely
a stochastic impact on human health, quality of life, and so forth.

Mr. MOLLOHAN. Let me ask you to focus that just a little bit. If
NIST were to receive additional funding, which you already have
and if the President’s signaling is an indication we can expect addi-
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tional requests for funding, prioritize, say, through the top three or
four what you think would be appropriate. Two, three, or four
areas that you feel that that money ought to, where that money
ought to go.

Mr. SERUM. Well, as I mentioned, and let me just——

Mr. MOLLOHAN. You mentioned a lot of different exciting areas.

Mr. SERUM. I would, let me say one other thing in a moment, is
when one lists climate change, and energy, and infrastructure, and
manufacturing technologies, and so forth, it is certainly true that
NIST cannot do all of those with a high degree of quality. So I
think that one of the challenges that I listed in our annual report
that you will be getting almost momentarily, I made the rec-
ommendation that they had to prioritize those according to, one,
their core competencies, two, according to their ability to make a
significant contribution as measured by the impact on competitive-
ness or the economy.

Personally, I believe that energy is at the top of that list. And
I would probably say, I would rate healthcare next. Now, they have
a huge impact to make on infrastructure as well. I pooh-poohed
their work in cement standardization when I first got involved.
Well, if you look now at what is wrong with our infrastructure it
is that things like cement are falling apart. And NIST has some
initiatives underway that look at new standards to assure that ce-
ment bridges that are constructed now will last to a much greater
time into the future.

NIST has underway initiatives that they want to expand on with
regard to catastrophic weather damage. How do you construct a
building on the Gulf Coast so that it is actually resistant to hurri-
cane?

Mr. MoLLOHAN. Well, I am looking for the priority. But you are
suggesting that, your prioritization. But you are suggesting that
this report that will do that is imminent?

Mr. SERUM. What we did, they listed about six areas. And our
statement, my statement was that they should go back and reas-
sess that. They stated that in their three-year report and they did
not prioritize those six. My statement was they cannot, they do not
have the same core competencies in all six. The impact of the out-
comes is not the same in all cases. And therefore, I asked them to
go back and reevaluate those on the basis of those parameters.

INVESTMENT IN SCIENCE

Mr. MOLLOHAN. In your judgment, should we be investing more
in broader science and technology programs, STRS, and less in
MEP and TIP? I ask with foreboding.

Mr. SERUM. I have a bias there. And my answer to that question
would be yes. If it were up to me I would put dramatically more
money into the laboratory research. Now, that is not to say that
I do not support TIP and MEP. They serve a different purpose. As
consider MEP. As one looks at U.S. competitiveness, and I cannot
remember the exact number but something like 80 percent of our
businesses are small businesses, or 80 percent of the employees are
small businesses. And the sole purpose of MEP, Manufacturing Ex-
tension Partnership, is to transfer technology, know-how, et cetera,
to make them more productive, produce products at a lower cost,
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and so forth. That is a, that is a well run, historic organization that
in my opinion is doing very well. I would not personally add a lot
of money to it. But I for sure would not eliminate it given our na-
tional goals.

The TIP program, the Technology Innovation Partnership, is
new.

Mr. MOLLOHAN. Well, it was called the——

Mr. SERUM. But it has changed.

Mr. MOLLOHAN [continuing]. ATP program, I believe.

Mr. SERUM. Yes, it was ATP. But very much different and fo-
cused virtually 100 percent on innovation now.

Mr. MOLLOHAN. Is now.

Mr. SERUM. Is now, yes. And I believe that is a very good founda-
tion to continue to support. But I would, and you know, I think it
is, it could probably grow some in its budget in order to advance
some of the fundamental high risk, high reward type technologies.
But that said, that is not where, if I were Marburger I would not
put, I would put the vast majority into STRS laboratories.

Mr. MOLLOHAN. He is just recommending, too.

Mr. SERUM. Yes. So, you know, there are not very many places,
in fact, I am sure there are no other organizations in the world
that can boast three Nobel Prize winners in their organization.

Mr. MOLLOHAN. Yes, that was very impressive. Dr. Avery, thank
you. Thank you, doctor, sir. Although NOAA’s primary responsibil-
ities are operational, do a lot of research, we have talked about
that a little. There was a line of questioning about inside research
and contract research. I just want you to elaborate a little bit.
From your perspective as a member of the science community, the
research community, outside NOAA, is the balance between in
agency research and outside research in your judgment a good bal-
ance, a correct balance? Does it need to shift one way or the other?
And if you would, elaborate on why.

Ms. AVERY. Sure. Yes, this has been sort of an ongoing discussion
about the appropriate balance between internal and external re-
search, or in house and outside research. You know, currently I
think the balance is about 70 percent in house, 30 percent outside.
There has always been a goal over many administrations and
under many NOAA Under Secretaries is that it be a goal of 50 per-
cent, 50 percent.

You know, when you look at what is in house expertise and ex-
ternal expertise what you are really doing is looking at the unique
complementary attributes of those two communities. So if you look
at the NOAA laboratories very much like the NIST laboratories,
there is stability in the research agenda. There are long term mis-
sions that they satisfy. They have base funding. If you look at the
external community and that external research portfolio you are
looking at research that might be more agile, more closely linked
to external international partners worldwide. You might be looking
at leveraging funding from other agencies or assets that would,
might be easier to do externally than in house. You might be look-
ing for training for the next work force, or the ability to engage
user communities.

So, what is the right balance? I do not know if you could basi-
cally set a specific number. What might be beneficial is for the
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agency to really sit down and have a discussion or to develop some
sort of coherent policy or guidelines themselves on what they think
is stuff that should be done internally and what should be done ex-
ternally. Other mission agencies have had this discussion.

Mr. MOLLOHAN. NOAA has not?

Ms. AVERY. I do not think NOAA has specifically articulated
that, at least to enough knowledge that it gets communicated wide-
ly. And that might be a good starting point to actually then deter-
mine what is the right balance.

Ideally, eventually, the balance is going to be determined and
should be tailored to the particular problem that you are going to
look at with the particular expertise that you need.

Mr. MOLLOHAN. Yes. To what extent does the expertise need to
be in house, for example.

Ms. AVERY. Right.

Mr. MOLLOHAN. To what extent do you need to have in house ex-
pertise to even monitor the contract research?

Ms. AVERY. Right.

Mr. MOLLOHAN. Where does 50-50 come from? That sounds a bit
arbitrary.

Ms. AVERY. I know it has been, for the last couple of administra-
tions the number has always been, “Well, the new resources should
be 50 percent external, 50 percent internal.” I think it was trying
to get a balance between the agility, if you will, to focus on a par-
ticular problem and bring in that expertise without bringing that,
all the expertise that you need all the time in house, which could
get quite costly. I mean, if you, if you look at the breadth of
NOAA’s mission and the science that needs to underpin that mis-
sion, and if you wanted all of the research to be done in house, you
would be having a huge federal workforce, scientific workforce.

Mr. MOLLOHAN. That does not bother some of us.

Ms. AVERY. Well, yes.

Mr. MOLLOHAN. But others.

Ms. AVERY. The real question is, is when you make that commit-
ment, have you basically then lost some agility that you might get
that an external community provides.

Mr. MoLLOHAN. Well, Woods Hole is a contract out operation, is
it not?

Ms. AVERY. It is a soft money organization.

Mr. MOLLOHAN. But you really think of it as a NOAA operation.

Ms. AVERY. Really?

Mr. MOLLOHAN. That may be very inaccurate, or it may be be-
cause I am not really familiar with it.

WOODS HOLE

Ms. AVERY. Now Woods Hole’s history, initially, you know, sev-
enty-five, eighty years ago, was based in Navy, and the Navy when
the Navy really had the major oceanic research component. But
then the Navy backed out of ocean research greatly, and particu-
larly the deep ocean, greatly. At same time that the National
Science Foundation then began to ramp up its budget for ocean
science research.

Mr. MOLLOHAN. Mm-hmm.

Ms. AVERY. So WHOI—sorry, Woods Hole Oceanographic
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Mr. MOLLOHAN. No, we got it now.

Ms. AVERY. Got it? They are fast learners. WHOTI’s research port-
folio, funding portfolio now, is predominantly, the largest source of
research grants comes from the National Science Foundation. And
then secondly, Navy and NOAA in about equal partnerships.

Mr. MOLLOHAN. Ah. So that is very appropriate to be an outside
research organization. It works really well.

Ms. AVERY. It really does.

Mr. MOLLOHAN. You are able to work with other agencies. So
maybe that is one of the tests, how many different research direc-
tions you serve.

Ms. AVERY. What that does is, it leverages the resources of all
of those and the types of research that one does in a comprehensive
way.

Mr. MOLLOHAN. It sounds like there is not, but in making these
decisions, is there a criteria list that people look at? Or is it sort
of intuitive as you are sitting around the table? Or do you know?
You may not know.

Ms. AVERY. I do not know.

Mr. MoLLOHAN. O.K.

Ms. AVERY. I really do not know. I am not at that level of the
organization.

NOAA FUNDING

Mr. MOLLOHAN. All right. If there is an increase in funding for
NOAA, what should be the balance between operational needs, in-
cluding critical satellite observations to address climate change,
and increased support for research?

Ms. AVERY. Well, again, I will be biased just as——

Mr. MOLLOHAN. That is okay.

Ms. AVERY. In the fact that, you know, the research program, as
has been noted, has been flat or decreasing for so many years. And
there are so many issues that require that research underpinning
that it is really needed. On the other hand, I am very sensitive to
the need that the research enterprise needs observational data. It
needs observational data both from an in situ observing platform
as well as from a satellite observing platform. I also realize that
part of NOAA’s budget constraints over the last year, few years,
has been sort of the cost overruns associated with their satellite
programs. And getting those under control is obviously key.
And——

Mr. MOLLOHAN. A couple of tough programs, hopefully lessons
learned.

Ms. AVERY. That is right, lessons learned to go forward in the fu-
ture. I would hate to say that the research program would continue
to be not supported because we have the satellite program still to
resolve. I would love to just get the satellite problem off the table
and get refocused on NOAA’s missions that need that science un-
derpinning so badly.

Mr. MOLLOHAN. Just for the record, to give you an opportunity
to say it, to talk about it, what would be the consequences, assum-
ing levels of research funding at NOAA just simply remain the
same, not decrease.
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Ms. AVERY. Well, you are putting at risk several, sort of things.
Like I said before, a lot of the observational work that is the
underpinnings of the research component is actually being funded
by the research program itself. And so if the, research program re-
mains flat, or declines, you are putting at risk, if you will, not only
the research but some of the observations to support that research.
And ultimately, the innovation and creativity that is going to go
into addressing questions of better weather forecasts, better hurri-
cane prediction, climate adaptation, climate impacts, and eco-
system based management. So you are really, you know, you can
only do, you can only stay the course so much and not having that
research continually feeding, updating, upgrading, looking at new
approaches, thinking outside the box when things are not working
in a complex environmental framework. And that is basically what
you are putting at risk.

Mr. MOLLOHAN. You all have been tremendous here today, first
of all appearing and then secondly giving this good testimony. We
had a few minutes off the hearing because of the votes, and so, we
are going a little over. Perhaps we can keep it to one more round
of questioning and give Mr. Culberson an opportunity. Then we
will ask some fast questions and try to wrap it up. Mr. Culberson?

Mr. CULBERSON. Thank you, Mr. Chairman. I will be very, very
brief, just to say that I am struck here again today with the expert
advice of this panel which you have put together telling us that the
best investment, it seems to me, from your testimony, the best in-
vestment of our dollars is always going to be in the pure scientific
research, in the competitive peer reviewed scientific research, and
just let the facts lead where they may. It is a tremendous, I think,
place to invest our money.

I would actually just ask Dr. Avery, if I could, specifically, would
you recommend then that this Committee, I see it was the conclu-
sion, I do have an article here from the January 11 issue of the
Journal of Science summarizing the, I guess you, a workshop that
you call it? The work that you did at Woods Hole to talk about iron
fertilization of the ocean?

Ms. AVERY. Yes.

Mr. CULBERSON. That your conclusion essentially was that we
need more research, clearly.

Ms. AVERY. Yes.

Mr. CULBERSON. And we will find out what the effects are and
how best to do it. Then, would you then recommend to the Com-
mittee that we ask, specifically task NOAA with conducting the re-
search that has to be done? Because NOAA is the best place for it
to be done.

Ms. AVERY. That is probably a good starting point, yes.

Mr. CULBERSON. You would make that recommendation to the
Committee?

CARBON SEQUESTRATION

Ms. AVERY. Yes. If, certainly if you are looking at carbon seques-
tration as part of the portfolio

Mr. CULBERSON. Right.

Ms. AVERY [continuing]. Of what we do with our energy environ-
ment. You know, our energy portfolio
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Mr. CULBERSON. Right.

Ms. AVERY [continuing]. As we go forward for an energy portfolio,
it is renewables, there still could probably be, you know, offshore
drilling at some level. There is going to certainly be the issue of
carbon sequestration. When I talk to oil companies they are count-
ing on carbon sequestration as one of their solutions. How that car-
bon sequestration is going to be done, whether it is in the ocean
or on land-based systems probably needs——

Mr. CULBERSON. That really, forgive me, that actually was the
question I intended to ask, Mr. Chairman. Is when, would the
Committee, I was asking, give specific guidance to NOAA to look
at carbon sequestration.

Ms. AVERY. Sequestration, yes.

Mr. CULBERSON. Department of Energy is probably going to have
to also do the same thing.

Ms. AVERY. That is right.

Mr. CULBERSON. But looking at carbon sequestration, the specific
part of that has got to be how do you encourage it in the oceans,
which is 90 percent of the

Ms. AVERY. Right.

Mr. CULBERSON [continuing]. Carbon sink on earth? Is this a, let
me make sure I understood from your testimony, Dr. Serum. What
are the core competency areas that you think NIST should focus
on? We do not want you doing, NIST doing too much, too many
things and not doing them well. I just want to make sure for abso-
lute clarity. And my concluding question, if you could tell us the
core areas that you think NIST should focus on? In its pure basic
research. Work in establishing standards, for example, for concrete,
which is a good example.

Mr. SERUM. Yes. I, first of all let me say that NIST views their
core competency as accurate measurement in many areas. And in-
deed, I want to emphasize that very strongly. You can go into a
new field, as long as you are dedicated to making accurate meas-
urements and understanding the technology, or developing the
technology that allows those measurements to be made accurately.
Then you are making a major contribution. Whether it be in cli-
mate change measurements, which suffer greatly from accurate
measurements. Whether it be in energy, related to new tech-
nologies or in things like the grid. So I would say the foundation
is accurate measurements.

Now, the interesting thing is that I would say NIST has a good
competency in healthcare. I would not say they have an out-
standing competency in energy. But they know how to get that
competency. And I think it is important for them to get that com-
petency.

They have phenomenal, an area that I did not even speak of, it
is almost more like a fundamental science, but the world, the next
thing that is going to explode, also very small, is quantum physics.
And I could speak to the benefits that quantum physics is going to
have. But you are talking about the IBM computer. Quantum com-
puting has the opportunity to do massive computing in a very short
time, that even the biggest computers cannot do now over many
years. That kind of work, it is really important to continue. That
is where the Nobel Prizes are, by the way, in understanding all of
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that. And I have to rate that as a fundamental science that is vi-
tally important to everything that goes on. I do not classify that as
energy or something like that, yet it

Mr. CULBERSON. That is within NIST’s core competency?

Mr. SERUM. It is a very big competency of NIST. As now I would
say nanotechnology two years ago was not a competency. I now be-
lieve it is a competency, and there is no lack of ideas as to how
to move forward. But those, you know, it is a little difficult. You
classify energy. I have spoken hardly at all about information tech-
nology. I would say that is a core competency from a technology
perspective. Phenomenal talent and ideas in complex systems,
cyber security, a variety of areas, that will make a contribution in
these applications areas, such as energy and such as healthcare.
The medical record that is a priority now. NIST will play a very
major role in standardization of that information so it can move
across. Very, very important.

Mr. CULBERSON. Thank you.

Ms. AVERY. If I could go back to your question about the iron fer-
tilization and carbon sequestration in general, I think NOAA is ap-
propriate but I am not so sure that NOAA should not be also work-
ing with DOE on this. And getting, whereas NOAA has the exper-
tise, DOE probably should be aware of ocean opportunities, and the
opportunities the ocean has to solving the energy piece.

Mr. CULBERSON. Bundled perhaps with power plant sequestra-
tion.

Ms. AVERY. Yes.

Mr. CULBERSON. Thank you very much, Mr. Chairman. Thank
you.

NASA EARTH SCIENCE AND NOAA

Mr. MoOLLOHAN. Okay. Thank you, Mr. Culberson. Dr. Avery,
should ties between NASA Earth science and NOAA be strength-
ened? Or changed?

Ms. AVERY. It should be strengthened. I think that there has
been certainly good dialogue in the past between NASA and NOAA
at the working level. It is critical because, as I said before, a lot
of research missions that are initiated within the NASA framework
will, may ultimately end up in an operational context.

Mr. MOLLOHAN. How could it be strengthened?

Ms. AVERY. Well

Mr. MOLLOHAN. And in what ways should it be strengthened?

Ms. AVERY. Yeah. I think what you can do is in part look at the
decadal survey that was done, now how many, two years ago?
Thank you. The recommendations there really call for the Earth,
space-earth observation capability for the future, and regaining, if
you will, the U.S. capability in that. The observing capability from
space has degraded over the last decade. And they have specific
recommendations on how that relationship can be strengthened,
what kinds of things NOAA should be doing in this next stage,
what kinds of things NASA should be doing, and how they might
be partnering together to move things from research to operations.

Mr. MOLLOHAN. Where the hand off is, or where it is not.

Ms. AVERY. Right.

Mr. MoLLOHAN. And what the roles and the boundaries are.
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Ms. AVERY. You know, part of the issue is that sometimes the re-
search needs, sometimes you need to have missions to actually put
it in a research framework to understand what is really needed for
an operational framework, if I am making sense. So in other words,
you do not necessarily know ahead of time what the exact oper-
ational framework should be. What kind of observations, where
they should be, how frequently should they be measured, what is
the distribution? And so often, NASA will start with looking at pri-
marily a research mission that is focused on a particular research
question that then helps inform, if you will, an operational strat-
egy. If you know in advance that there might be a really great
operational hand off here, it is probably not a bad idea to sit the
research and operational agencies together to kind of at least ac-
knowledge that there is that potential. Because very often you get
in this, in this bind where a research satellite goes up and then all
of a sudden the data becomes very, very useful to an operational
entity. TRIM, the TRIM mission, which is a rainfall mission, was
one of those. Yet, because NASA had deemed it as a research mis-
sion with a specific, specified timeline, or time life, lifetime, yet the
operational entities were using it. Then there was an operational
sort of push back, if you will, for a limited, you know, stopping this
particular

Mr. MOLLOHAN. Those responsibilities and those roles are not de-
cided ahead of time.

Ms. AVERY. Not necessarily, because you may not know, nec-
essarily, that it is going to have an operational value. It may just
be that it is focused on a research endeavor. Because NASA is a
fundamental research——

Mr. MOLLOHAN. I see.

Ms. AVERY. Yeah. So I think getting better at having that dia-
logue ahead of time when you are looking at a, particularly in
earth observations from space, if you can have that dialogue that
has the research community and the potential operational use.
Have that dialogue up front so that you are at least cognizant of
that.

Mr. MOLLOHAN. Yes.

Ms. AVERY. Then there might be a better, smoother transition.

Mr. MOLLOHAN. Have the agencies come to that?

Ms. AVERY. I think there is acknowledgment of that internally.
I am not sure if it gets transmitted at the highest levels and in the
budget process to actually have that happen.

Mr. MOLLOHAN. Down to the

Ms. AVERY. You need dedicated people who are doing this full
time, probably.

Mr. MOLLOHAN. So where is the issue? At the program level?

Ms. AVERY. I do not know.

NOAA AND DEPARTMENT OF DEFENSE RESEARCH

Mr. MOLLOHAN. Same question with regard to NOAA and De-
partment of Defense research and environmental operations.
Should it be strengthened? Changed?

Ms. AVERY. Yes, it should be strengthened. And again, the great-
est intersection that I see there probably is between, is in the ocean
area. The, and one example that would illustrate the NOAA-De-
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partment of Defense, primarily probably Navy, would be even what
is happening up in the Arctic. If we are looking at, in the next dec-
ade, relatively ice free zones for a significant period of time, what
does that mean in terms of resource availability, security issues,
any number of things. And this is where NOAA and Navy could
really have a good discussion and good partnership.

Mr. MOLLOHAN. Following up on Mr. Culberson’s and your dis-
cussion, and maybe Dr. Serum’s, about energy, and the notion of
spreading, I suppose, powdered iron on the ocean as a CO, sink
strategy, I guess. Is there a dialogue, a relationship with Depart-
ment of Energy and the National Energy and Technology Labora-
tory, NETL, regarding that notion?

Ms. AVERY. If it is it is not a very active one. If you look at
DOE’s portfolio over the years, prior, you know, prior, well I am
trying to think. There used to be in the DOE framework a look at
the oceans and their energy potential. That sort of research port-
folio, I am trying to think, probably was cut away and eliminated,
or down scaled, probably during, I want to say the Reagan era.
Eighties, eighties. And, you know, I actually was looking the other
day at the DOE laboratories trying to figure out if any of the lab-
oratories are putting any significant amount of work into the ocean
and its role in the energy arena. And there is not a lot going on.
And it is probably something that should be

M;" MOLLOHAN. There is not a lot going on in terms of collabora-
tion?

Ms. AVERY. In terms of just research at all.

Mr. MOLLOHAN. Oh.

DOE LABORATORIES

Ms. AVERY. In the DOE labs.

Mr. MOLLOHAN. With regard to the potential.

Ms. AVERY. Ocean, the ocean and its role in the energy portfolio.
I think it is something that would be very useful to have a discus-
sion with DOE.

Mr. MOLLOHAN. Is that something Woods Hole specifically is in-
terested in, or has a jurisdiction regarding?

Ms. AVERY. We do. We are very interested in it. We are very in-
terested because we see the dialogue in ocean, you can see, you can
talk about ocean in terms of energy derived from oceans in terms
of tides. You can talk about it in terms of waves. You can talk
about it in terms of currents. You can talk about it in terms of
thermal extraction. You can talk about it in terms of carbon se-
questration of the ocean. You can talk about it in terms of sighting
of wind farms offshore. You can talk about it, also the energy port-
folio, in terms of offshore drilling. How is the best way to do it,
minimizing environmental impacts? A lot of things like that.

Mr. MOLLOHAN. I would think you would have a real collabora-
tion. Everything we talk about in this hearing is about money. This
is certainly about big money. Futuregen.

Ms. AVERY. Yes.

Mr. MOLLOHAN. I do not know whether it is a carbon sink but
it is definitely a money sink. And there are huge amounts of money
going there just, let us try this for half a billion dollars. Well, that
did not work. Let us try this for half a billion. It seemed to me that
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consultations with regard to all of these ideas up front would be
very beneficial, particularly what I have heard today about the po-
tential of the ocean. I cannot speak for them, but I do not believe
NETL is looking much at that. And if you are not talking with
them, I do not know how they would look at it without talking to
you. And also, the biological, the enzyme approaches to this issue
and the little bugs they have described approach to this issue. I
would think that you all naturally would be involved, or want to
be involved, in that. I really commend that to you, and I am actu-
aII%I going to speak with them and hear them talk about that poten-
tial.

This is a huge issue. And just pumping CO, into the ground
somehow, and such massive amounts of it, too. I mean, you have
to have places to do it even if it is a good idea. But we are going
to spend——

Mr. CULBERSON. Oceans. Oceans are sinking it.

Mr. MOLLOHAN. Yes, if there is a biological process that happens
that is environmentally neutral or positive, I think that that would
certainly have to be considered, the viability of it considered. And
the cost benefit of it. You know, before we move forward. We are
hey diddle, diddle right up the middle with carbon sequestration.
I think that stepping back and thinking about it a little better in
a multidisciplinary, multi agency way, I mean, that is something
we should see how we could promote. And you may have some ad-
vice in regard to.

Ms. AVERY. Yes.

Mr. MOLLOHAN. So. Well on that note, energy, which is almost
where we started I think, if Mr. Culberson does not have any more
questions?

Mr. CULBERSON. Just thank you.

Mr. MOLLOHAN. Okay. And we may have some questions to sub-
mit to you. And you are not an agency, you do not have to answer
them, but you might be kind enough to be responsive to them. I
have a couple questions here that I might like for you to respond
to. We very much appreciate your time and your expertise. You
were very kind to come down here, or over here, or in here. Wher-
ever you came from. Down here, Woods Hole, I am thinking
north——

Ms. AVERY. North, yes.

Mr. MOLLOHAN. Thank you for your testimony. Today has been
extremely helpful.

Mr. SERUM. Thank you.

Ms. AVERY. Thank you.

Mr. MOLLOHAN. Thank you.
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Questions for the Record for Dr. James W. Serum

1. NIST is positioned at the intersection of academia — which generates most
fundamental scientific discoveries — and industry — which turns
discoveries into products and services. What role can or does NIST play
in exploratory and high-risk research proposals that can revolutionize
fields of science and lead to radically new technologies?

» In reality, all organizations (Academic, Government, and Industry) contribute to
research and scientific discoveries, but typically in a different way. Even when
performing basic research in industry, it is oriented toward a produd or service
and cost to develop is a significant factor. Academic research has historically
been focused on basic, fundamental discovery of science or technological
fundamentals. In recent years, however, a significant amount of academic
research is also outcome oriented due to funding constraints. Government
research should normally be focused on long range, very chalienging research
which has very high societal or economic importance and where a company or
even a collection of companies believe that the risks are too high and the
financial investment to great to take on the challenge. In addition, government
research labs should focus on technologies which span multiple industrial
segments and have the potential to benefit a broad number of companies and
people. For example, Information Technology research discoveries will often
impact nearly every segment of society. Healthcare based discoveries have a
similar impact.

« |n general for NIST, its unique role is to advance measurements, standards,
and technology so that the next innovation can be realized and
commercialized. In other words NIST provides tools and expertise to enable
other scientists and engineers to further advance their high-risk research which
can eventually lead to radical new technologies. NIST provides the foundation
upon which high-risk research can be built upon.

2. Following the Rising Above the Gathering Storm report, there has been a
bipartisan effort to double the budgets of NIST, NSF and DOE Office of
Science. The President’s 2010 budget provides significant increases for
NIST in addition to funding provided in the Recovery Act.

a. What effect is this having on NIST programs?
o The VCAT (Visiting Committee on Advanced Technology) which |
currently chair, has long felt that NIST is dramatically underfunded to
realize its potential contribution to our nation through development of
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standards, advanced measurement systems, and innovative technology.
The VCAT members expressed gratitude in their Annual Report to those
who approved funding according to the doubling goal. There are many
more relevant ideas and exploratory feasibility studies undertaken than
can be funded to be utilized by industry and society for improved industrial
competitiveness. The increased funds to achieve the goals in America
Competes Act are very welcome. It is my understanding that many of
these funds will be utilized for launching initiatives in Healthcare, Energy,
the Environment, our nation’s Infrastructure, and Homeiand Security. In
most cases, NIST has some expertise in place for these research projects
but insufficient resources and funding to have previously launched the
feasibility initiatives. The new additional funds will enable some of the
most promising ideas to be launched as technology feasibility projects. In
addition, important projects which have lacked sufficient funds to achieve
critical mass can now be funded for success.

o There is a saying “What you can’t measure, you can't control and what
you can't control, you can't reliably manufacture”. The key core
competency of NIST is “accurate measurement technologies”. For
example, measuring the effect of the temperature of the sun on climate
change requires extremely accurate measurements by optical devices on
satellites. NIST is the only organization to my knowledge that has the
understanding and core competency to make this type of measurement.
These types of accurate measurements are fundamental to many of the
technological challenges that our country faces in the next several years.
Another example can be found in the Healthcare industry. Imaging, both
optical and chemical, are believed to be crucially important to advancing
the health of our citizens, yet due to both sensitivity and specificity
measurement barriers, we are not currently able to advance this
technology sufficiently to meet our needs. | believe that NIST is in an
outstanding position to make these types of significant contributions to the
nation’s priorities during the next few years. These additional funds will
enable at least some of them to progress through initiatives and be
implemented. This applies o both critical standards and advanced
technologies.

b. What steps can NIST take to ensure that funding increases and
concomitant employment is sustainable over the long term?
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+ NIST serves a huge diversity of industrial segments and a broad
spectrum of customers. They must focus on management decision
processes that enable the senior staff to prioritize those programs that
have the greatest potential for industrial success or contribution to
society (e g. Healthcare initiatives). VCAT has been critical of NIST in
recent years for lack of a comprehensive Strategic Plan. With the great
diversity of industries which they serve and the almost unbelievable
number of opportunities to confribute to the Nation's key issues, a
strategic plan is very much needed at this time. The organization has
made significant advancements in seeking out the “voice of the
customer” to clearly identify their needs and then developing programs
that address these industrial needs. An excellent exampie of this is
seen in the jointly hosted conference last October to assemble
Bioscience experts who could answer the question of the greatest
measurement needs in Bioscience in the 21 Century. They have
digested the data and have developed a preliminary report that provides
the foundation for a Healthcare strategic plan.

c¢. Is there a tipping point with respect to funding and responsibilities
beyond which NIST ceases to be effective? How can we ensure that
we do not exceed NIST’s capacity?

« NIST makes outstanding use of Post Docs both as a source for future
employment and as a mechanism to manage resources in a volatile
financial environment. In my opinion they have done an outstanding job
of maintaining momentum during the past couple of years when they
had to operate within a “continuation budget”. The key to making the
desired technological contributions yet maintaining a sense of caution
will be to evaluate necessary expertise competencies to achieve their
goals and then surround them with post docs and external partners to
make it happen but still have flexibility. As indicated earlier, | am
confident that NIST has many more excellent ideas and promising early
research evidence than they have money to implement the programs to
their completion. | believe that NIST could respond rapidly to additional
funds and responsibilities. Evidence for this is seen in their work on the
America Votes Act and their world class work on understanding and
improving building design based on the September 11, 2001 disaster.
They also responded rapidly to that disaster with human remains
identification using their expertise in DNA assays.
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o Itis my opinion that NIST could easily have their budget doubled in the
short term and they would be able to effectively apply the funds to
critically important research for US competitiveness and economic
growth.

3. How can we maximize NIST’s role in the development of future scientists
and mathematicians with respect to postdocs, research fellowships, science
education, teacher training, and the construction of research science
buildings?

« | was involved in the NRC Council for Undergraduate Science Education
for many years so this question is one of interest.

e NIST has numerous partnerships such as with JILA at the University of
Colorado, Hollings Marine Research Labs in South Caroling, and the
Center for Advanced Research in Biotechnology (CARB) with the
University of Maryland. These involve both undergraduate and graduate
students. JILA has been in existence for many years and is a proven
model of success in education and advanced research. Students
coming out of the JILA program have been recognized internationally for
their own subsequent research. Additional partnerships at NIST such as
these, in relevant areas could be an excellent approach to accelerating
science and technology education

« NIST conducts a wide variety of seminars, conferences, and workshops
related to standards, technigues, and technologies. NIST has an
extensive post doc program for working within NIST. This not only helps
to educate the individual but also facilitates the transfer of standards,
methods and technology when the individual moves to industry.

» NIST fellows are active in their scientific communities and frequently
lecture at universities and seminars on their research.

+ |t would be worthwhile to hold a work session at NIST on the specific
question described above. | think that there would be great interest in
participation and could lead to a number of novel approaches to utilizing
the expertise of NIST professional staff in formal education of
undergraduates and graduates.

o NIST has a number of formal programs to further the education and
training of undergraduates, graduates and post-doctoral students.
These are outlined in question #4 along with recommendations for
strengthening those programs.
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4. Please describe NIST’s programs in science, technology, engineering, and
mathematics education and how they should be strengthened?

o NIST has extensive educational programs related to the advancement of
standards and technology both nationally and internationally. To the
best of my knowledge, there is no integrated plan across the
organization that focuses specifically on the education of our young
scientists and engineers. Many of their educational programs are
focused on the transfer of knowledge, standards, and technology for the
purpose of advancing their mission which is to promote industrial
competitiveness by the advancement of science, standards and
technology in a way that advances economic security and improves the
quality of life. 1t would be interesting to reverse the question and
examine whether some of these programs could serve dual purposes.

» That being said, NIST does have several programs that are focused in
part or in whole on STEM Education. These include:

Post doc program with the National Research Council. This program
provides two-year temporary appointments for outstanding scientists
and engineers chosen through a national competition. These
appointments provide an opportunity for some of the nation’s best
young scientific talent to engage in research with senior researchers
at NIST. Currently NIST only has funding for about % the number of
Post doc’s it is authorized to support, so more funding for this
program would definitely strengthen it.

Summer Undergraduate Research Fellowship is a partnership with
NIST, NSF, and participating colleges/universities. Undergraduates
students spend their summers working at one of the NIST
laboratories. This program has been tremendously successful and
continues to grow every year so | would not recommend any
changes.

Summer Institute for Teachers is a program NIST recently began with
the local school district in Montgomery County, Maryland. This
program provides STEM teachers with an innovative combination of
hands-on activities, lectures, tours, and shadowing of NIST scientists
in the iabs in ways to enrich and enhance the science curriculum. My
understanding is that this program is very small and could be
enhanced with additional resources to further develop the program’s
materials and to allow additional school districts to participate.
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From: Rep. Robert Aderholt
Re: FY10 CJS Appropriations Subcommitee Hearing Questions
Date: March 4, 2009 — 2:00PM

Serum Testimony:

1. Global competition among businesses increases year after year and the United States
continues to lose manufacturing jobs to overseas companies. In what ways can the
Manufacturing Partnership (MEP) program help American businesses stay competitive?

Response:

+ The charter of the MEP is to help American businesses be more competitive. A major
challenge for small businesses throughout the US is to rapidly adopt new technologies and
processes which provides for greater production efficiency, higher product quality and reduced
manufacturing costs. The MEP network involving NIST, as well as state and local governments,
provides training and technical and process advisory expertise to assist in more rapid adoption
of these new technologies and processes, allowing them to be more competitive with new
technology and with greater efficiency at a lower cost. In addition, NIST has established
standards for a broad variety of manufactured products that small and large companies can
incorporate into their processes that enable broader market acceptance and higher product
quality. Technology advancements are occurring at an ever greater rate and the adoption of
“green” technologies will enable some companies to have preferential market acceptance. The
MEP program facilitates US companies access to these new technologies at a more rapid
adoption rate thus enabling them to be more competitive.

2. You refer to NIST's measurements and standards being integral to the success of great
engineering achievements such as automobiles, computers, and the Internet. What future
major accomplishments can you envision NIST having a role in?

Response:

« Scientific and technological innovation depends heavily on a foundation of being able to make
accurate measurements and in the utilization of concise standards for scientific experimentation
and in making products. This is due to the fact that many advances in understanding are very
subtle with small experimental or parametric changes being the critical factor for the
advancement. When one thinks of the major technological initiatives in Energy, Healthcare and
the Environment over the next 15-20 years, NIST can and shouid play a major role in each of
these important technology segments. For example, with regard to climate change, more
accurate measurements are needed in order to better understand the giobal impact of CO2
concentration and its sources, the temperature of the sun, and other contributing factors. NIST
understands how to make these measurements more accurately and has already been involved
in contributing to the better understanding of this important problem. In the Energy segment,
the US needs to find ways to incorporate the new sources of energy such as wind, solar and
other new technologies into the overall energy grid. These energy sources are not constant as
in our historic hydroelectric and coal fueled power plants and must therefore incorporate new
methods for supply and transmission. The “Smart Grid” is an excellent initiative for developing
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these new methods but new standards must be developed across the entire grid from energy
source, through transmission into the home and factory. NIST has been given responsibility for
establishing these “standards” (Energy Independence Act of 2007) and | believe it is a vital
element for achieving energy independence in the US over the next 15 years. In the area of
Healthcare, both measurements and standards are critical to advancing new technologies. |
have testified about the complexities of biclogical pathways in understanding of the cause of
diseases and about the challenges of sensitivity and specificity involved in making significant
progress in imaging technology. Advancements in both of these areas require highly
sophisticated new approaches to accurate measurements as well as standardization of
methodology to allow broad acceptance across the industry. In addition, the Electronic Medical
Record has the capability of dramatic improvement of the quality of healthcare as weli as the
potential to significantly reducing costs. Standardization of communication protocols for the
EMR with high security is paramount to the acceptance and use of the EMR. NIST is in an
excellent position relative to expertise and experience to drive these standards for Healthcare.
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OPENING STATEMENT BY CHAIRMAN MOLLOHAN

Mr. MOLLOHAN. The hearing will come to order.

Good morning, Mr. Nye and Mr. Pratt. Science, technology, engi-
neering, and mathematics or STEM are key to U.S. economic
growth and STEM education is key to the continuing health of the
U.S. science enterprise.

I first want to welcome both of our outstanding witnesses here
today. We look forward to their testimony. Between them, they
bring us a wealth of knowledge over a broad area, enlightening us
today, I am sure, on science, science and math education and how
the resources that this Subcommittee appropriates will be best ap-
plied to advance that cause.

I would also like to notice and welcome the large group of stu-
dents here today. They are from the National Young Leaders Con-
ference; is that right, students? Yes. They are from the National
Young Leaders Conference. We welcome them.

And after today, they may be seeking professions in science, who
knows, in great numbers. We certainly hope so. That would be one
additional good outcome of this hearing.

Well, this week, the Commerce, Justice, Science Subcommittee,
which is this Subcommittee, has been taking testimony on the state
of science in the U.S. and the roles of four research agencies that
are in our jurisdiction, NASA, NSF, NOAA, and NIST, in the over-
all science enterprise.

This morning, we turn our attention to science education, a
major program within the National Science Foundation, and a com-
ponent of the activities of NASA and NOAA.

The American Recovery and Reinvestment Act of 2009, the stim-
ulus bill, which we just passed, specifically increased funding for
education programs at NSF by $100 million and provided $180 mil-
lion at NIST for a competitive grant program for construction of re-
search science buildings. This illustrates the importance of science
education in appropriations.

In testimony from Ralph Cicerone, President of the National
Academy of Sciences, earlier this week, he pointed out that a U.S.
graduate education in science and engineering is highly respected
throughout the world and there are other countries working to
emulate it. However, this is not the case with K through 12 science
education. We all have seen reports in the press about the poor av-
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erage performance of U.S. students on comparative tests of science
learning.

Engineering graduate enrollment is now overwhelmingly drawn
from aboard, and while this draws bright, creative minds to our
shores and economy, it begs the question as to where is the stream
of U.S. students to pursue graduate engineering degrees.

Our emphasis in this hearing is on K through 12 STEM edu-
cation and the preparation, recruitment, and retention of science
teachers.

We are pleased to have as witnesses Bill Nye, “The Science Guy.”
Welcome. And Mr. Harold Pratt, former President of the National
Science Teachers Association. Welcome, Mr. Pratt.

Both are in touch with U.S. science education. Both are edu-
cators and through meeting with thousands of science teachers
each year, they have something to bring to us.

We look forward to learning about the status of science education
in the U.S. and its future direction.

Gentlemen, your written statements will be made a part of the
record. We will ask you both to make your oral presentations and
then the Committee will proceed with questions.

Why don’t we start on the left with—I am sorry. Oh, pardon me.
Congressman Wolf, who is the Ranking Member of this Sub-
committee, today, now, during this Congress, was the Chairman of
this Subcommittee for a number of years, did an outstanding job,
has a dedicated commitment to science and science education, and
has managed these accounts over the years when he was Chairman
and on the Committee as well, to try to apply the scarce resources,
and they were scarcer then, we hope they are more today and in
the future, as best he could when he managed the Subcommittee
in order t(l)ffurther the interest of science and education.

Mr. Wolf.

MR. WOLF OPENING STATEMENT

Mr. WoLF. Thank you, Mr. Chairman.

I really did not have anything to say, but I am going to say one
thing. One, I appreciate the Chairman having these hearings. Two,
I am looking forward to hearing what you are having to say.

I have some constituent things. I am going to be bopping out and
back and forth. So when I do, they have already been on the sched-
ule and I cannot change them, so do not think I am not interested.

Three, I really do worry about science. We had a report the other
day. A lot of the STEM grants were laying on the table last year
and were not used. And the failure—and I hope the New York
Times is over this. Is a New York Times reporter here?

The New York Times has a full page story today on the fact that
Barak Obama’s hair is turning gray, full page, front page story.
And the Chairman is having great hearings. We have had great
witnesses. They have never even covered this. And full page and
on the radio and TV today, it is all about Barak Obama turning
gray.

I mean, do we wonder why our factories are empty and our
science and we are in a period of decay on this issue? And I think
the media, quite frankly, whoever is with the New York Times, you
are just not doing your job. I mean, the editor of the New York
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Times to cover a full, front page story and to miss the hearings
that the Chairman is having and others are talking about is actu-
ally just—it is depressing.
And with that, we are looking forward to hearing your testimony.
Mr. MOLLOHAN. Mr. Nye.

MR. NYE OPENING STATEMENT

Mr. NYE. Thank you, Chairman Mollohan.

(%et me say you look fantastic with the hair color that you have
today.

Mr. MOLLOHAN. And it is the one the good Lord gave me and it
will never change.

Mr. NYE. And I think, you know, the man can drink. That is all
I am saying.

Thank you very much for having this. Very much appreciate your
taking the time to listen to what I have to say.

And, as you point out, there is great concern about science edu-
cation in the United States and I think it is very welcome.

General Motors came here hat in hand—oh, turn on my mike. Do
you want me to start again? It is really interesting. Yeah.

General Motors came here hat in hand, U.S. based auto com-
pany. Japanese based auto companies did not come here. They did
not need to because they have a different approach to designing
and building cars, one that we used to be good at.

No one is surprised by this. Everybody complains about it, but
the thing to do about it, the thing to change is elementary science
education.

You see, something has happened where science education has
been viewed as a special interest, something that is hardly dif-
ferent from farmers that grow a specific crop in a specific part of
the country. But science is for everyone. Science involves everyone
every day.

You look around in this room, everything in here owes its exist-
ence to science, whether it is the precisely made woodwork, the
microphones, the paint, the understanding of chemistry, the light-
ing, the electricity. This all comes from science.

So right now we have a problem. Every year I meet not dozens,
not hundreds, not thousands, I meet tens of thousands of science
teachers every year. I have yet to meet one, I have not met one
science teacher who believes in No Child Left Behind. So I do not
know what it is exactly, but there is something wrong. Something
is wrong with No Child Left Behind and it is not in anyone’s inter-
est to not fix it.

The thing that has happened is science teachers have to be held
accountable in exhausting ways. They have to administer tests.
They have to do assessments. They have to file reports for officials.
And they cannot do the one thing, the one thing that made me go
into science, and certainly my science teachers, they do not have
time right now to inspire. That is the key.

You see, science starts with observation and then it goes through
something we often call the scientific method and so on. But it
starts with an interest, with being inspired. And so we have to
change this. We have to make it easier for science teachers to do
their job.
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And generally I would say the solution, if there is one solution,
we have to do everything all at once. If you ask science teachers
who have children who do not have a tradition of academic rigor,
who do not have strong family that believes in education, I would
say what we have to do is fix the parents. Well, that is not pos-
sible. We will not be able to fix the parents. We have to fix every-
thing else that we can.

So we have to make it so that someone graduating from, let us
say, engineering school, instead of choosing to go to work for a very
good software company might instead choose to become a science
teacher. In order to do that, you have to pay people. You have to
pay the educators. And we have to have a situation where there
are not 30 children in a class or 50. We have to have closer to 15
or 16 kids in a class.

And I admit we have to cut the dead wood. There are certain
teachers that are not holding up their end of the bargain. And I
know we have to negotiate with teaching unions and so on, but
that has also got to be done.

And then I believe strongly in national standards. And I will just
tell you right now national standards have to include evolution.
The underlying idea in all of geology, the fundamental idea, the big
discovery in all of geology is plate tectonics. Plate tectonics is a
great idea. It is fantastic. It changed the world.

But the underlying idea in all of life science is evolution. Evo-
lution binds everything together like nothing else. So we have to
just reach agreement on that and move on. If you want to study
things that are not evolution, just do it outside of science class.

So in a few hours, NASA will launch the Kepler Mission which
will look for terrestrial planets. These will be planets that are like
the earth on other stars. These are places that my grandparents,
these are very recent ancestors, even my grandparents could not
imagine such places.

And we are doing that not with an individual as Kepler was but
with a society who believes in this, believes in spending its treas-
ure on making discoveries about our place in the universe. Where
did we come from? The oldest of human questions. And these are
science questions.

Now, as you know, I am the Vice President of the Planetary Soci-
ety, a society started by Carl Sagan and a couple of his colleagues.
And I am a big believer in planetary citizenship, that we are all
together on this one world.

But I was also born in the United States and I am a patriot. My
father fought on Wake Island and spent 44 months in prison camp.
My mother was a Lieutenant in the Navy and was a cryptographer.
She worked on breaking the enemy’s Enigma code.

So this patriotism may come from the household I grew up in,
but for my part, I want the next generation of biofuels, the next
generation of high performance batteries, the next generation of
flood and volcano monitoring systems, the next smart pasture
farming operations, I want all of those things to be created here in
the United States by our citizens so that we can lead the world and
improve the quality of life for everyone everywhere on planet earth.

Now, if we do not support science education, I claim that you or
we will be the first generation ever in the United States history to
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leave the world worse than we found it. We will leave the world,
the quality of life for our kids and grandkids lower than our quality
of life.

So I thank you for all you have done in the last few weeks to
support science education and I thank you for listening, but we
need to do a great deal more and we need to do it as soon as we
can for the betterment of all human kind.

Thank you very much.

[Written testimony by Mr. Bill Nye follows:]
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Bill Nye’s Testimony for the Commerce, Justice, &
Science Appropriations Committee

Ladies & Gentlemen, distinguished guests, and colleagues:

There is generally great concern about science education in the
United States. Any consumer shopping today knows that the
products, even the food, that she or he buys is produced
elsewhere- overseas or over-borders. General Motors comes to you
hat in hand- not Toyota. Is anyone here surprised? For many,
science seems like another special interest group, out of the
main stream. But notice, everything in the this room, the
tables, the chairs, the electronics, even the plants came to be
here, because their designers understood math and science.

As a popular science educator, I have met tens of thousands of
science teachers. I have not yet met one, who feels good about
No Child Left Behind. Despite the best of intentions, our
science teachers are burdened with extra tests, assessments, and
reports. Right now, they cannot do their most important. work:
inspiration- inspiring the next generation of scientists and
engineers with passion and purpose.

Tonight, the National Aeronautics and Space Administration will
launch the Kepler telescope mission to observe extrasolar
planets- worlds beyond ourg, places even ancestors as recent as
our grandparents could hardly imagine. As the Vice President of
the Planetary Society, the world’s largest space interest
organization, I promote the idea that we are all citizens of
Earth.

But, I am also a citizen of the United States. In World War II,
my father defended Wake Island. My mother worked on the enemy’'s
Enigma code. I am a patriot. I would prefer that the next
generation of high-speed trains be designed and built here. I
would prefer that the next generation of solar panels, of
biofuels, of high performance batteries, of flood and volcano
monitoring systems, and of smart pasture farms be created,
built, and established here- in the U.S. I would prefer that
United States helped people everywhere, leading the way with new
technologies and discoveries. I imagine all of you would, too.

The alternative is grim. Without the world’s best science, for
the first time in U.S. history, the next generation, your
children and your grandchildren, would have a substantially
lower quality of life than you did. That is not our way. Science
educators must be given the resources to excel. If a bright
future led by the United States is what we all want, we must
embrace, promote, and provide money for science education. Fund
the future of science. Let'’s change the world.

Bill Nye
5 March 2009
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Mr. MOLLOHAN. Thank you, Mr. Nye.
Mr. Pratt.

MR. PRATT OPENING STATEMENT

Mr. PrRATT. Thank you. Chairman Mollohan, Ranking Member
Wolf, and distinguished members of the Subcommittee, my name
is Harold Pratt and I am testifying today on behalf of the National
Science Teachers Association.

I have been a very active science educator for 53 years and you
will notice my hair has some of the same color that we revere so
much. I am still active as a consultant and an author to this day
and appreciate the opportunity to provide testimony about the
state of science education in the United States.

I would also like to thank this Committee and Congress for the
increased funding for science and science education in the stimulus
bill and the recent Omnibus bill in federal year 2009.

It is important that Congress continues to fund “America Com-
petes,” especially funding for the Education and Human Resources
Directorate at the National Science Foundation so we can address
many of the challenges that Bill and you are very aware of.

Much of the science education research conducted over the past
few years largely with NSF funding has been promising and pro-
ductive. NSF-sponsored research on student learning summarized
recently by the National Research Council tells us young children
are capable of learning far more complex and abstract ideas than
we previously realized.

This and other NSF research has the potential to revolutionize
the way we teach science and the way it is learned in our schools.

Unfortunately, very little of this research finds its way into the
majority of classrooms where it can have an impact on science
learning. We have to do a much better job of disseminating and ac-
tively implementing the research findings in our classrooms so that
it can be used to increase science achievement.

A second challenge is the quantity and quality of science pro-
vided at the elementary level. Many people, many adults in this
world do not realize that increasing the number of science and
math graduates, which I know is one of the goals of this group and
others, relies a great deal on the science we provide to our young-
est learners.

Unfortunately, many elementary schools have reduced the
amount of science education their students are receiving or have
even eliminated it altogether because of the pressure to show
achievement in other subjects. Many elementary teachers are also
ill prepared to teach science at this level.

A third challenge is the lack of professional development pro-
vided to science educators. All teachers of science at all levels must
have access to long-term, coherent, professional development so
they know the science they are teaching, they understand how stu-
dents learn science, and they can plan and deliver the quality
science instruction.

Unfortunately, again, many districts have been forced to cut back
on providing funding for science teacher training. We hope that
Congress can encourage school administrators and the federal
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agencies to invest more in the professional development of teach-
ers.

Science teacher education is also a concern. Last year, the Na-
tional Science Board called for a review of teacher education pro-
grams and how well they provide science and the training in the
subject that prospective teachers will teach.

Improving science standards and assessments that Bill men-
tioned is another key issue at the state level and we look forward
to the President’s agenda in this area.

Research from what we call the trends in mathematic and
science studies, sometimes called TIMSS, and the NRC tell us the
current state of science standards contains far too many topics, pro-
vide too much variation from state to state, and does not tell us
what students need to learn.

No discussion of quality science education would be complete
without mentioning a high school science laboratory experience.
Unfortunately, the news in this area is not good.

In 2005, the NRC found that most students had a poor experi-
ence in the science laboratory. Teachers were not prepared to run
lab activities. State exams did not effectively measure laboratory
skills and the quality of laboratory equipment was widely diverse.
Funding for “The America Competes Act,” including full funding of
the Partnerships for Access to Laboratory Science Provisions, will
help address this problem.

Finally, as many of you probably have heard from your constitu-
ents, many, if not most, school districts are finding it hard to re-
cruit and retain science teachers. Many schools have to compete
with business and industry for high school science teachers. Re-
search tells us that the teacher shortage in science education may
be due in part to early exits because of the poor teaching conditions
that exist in schools and the lack of administrative support.

Mr. Chairman, although many of these key challenges need to be
addressed at the local and state level, at the federal level, we
would like to see additional resources for the National Science
Foundation so the agency can continue to expand upon its research
and development efforts in science and math education.

As pointed out in recent reports a couple years ago, federal
STEM programs at the federal agencies, including the agencies
under the jurisdiction of this Subcommittee and the Department of
Education, Department of Energy and Department of Defense, need
to be better coordinated and focused in a systematic manner that
first truly identifies the needs of teachers, schools, and districts so
that federal dollars can be used to best address these needs.

Like the science content standards in many states and the words
that we have heard often repeated, the sum total of these federal
programs are what I would describe as a mile wide and an inch
deep. A collaborative effort to streamline and coordinate federal
STEM programs can best be done by OSTP and will go a long way
to address many of the challenges I have presented here today.

Thank you. And I thank you for the opportunity to testify and
I look forward and welcome your questions.

[Written statement by Harold Pratt, Former President, National
Science Teachers Association follows:]
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Harold Pratt
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House Committee on Appropriations Subcommittee on Commerce, Justice and Science
U.S. House of Representatives 2359 Rayburn
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Chairman Mollohan, Ranking Member Wolf, and distinguished members of the
Subcommittee, my name is Harold Pratt and today I am presenting testimony on behalf of the
National Science Teachers Association (NSTA). I have been actively involved in science
education for 53 years as a classroom teacher, as a district science supervisor, and asa
curriculum developer. At the national level [ was a staff member at the Center for Science,
Mathematics, and Engineering Education at the National Research Council NRC) and I
was a Senior Program Officer for the NRC when that group and others developed the
National Science Education Standards in the mid-1990s. I was president of NSTA in
2001-2002 and continue to actively work as a consultant and author.

Thank you for this opportunity to provide testimony about the state of science education in
the United States. To begin I would like to start with some positive trends we are seeing in
science education before I outline many of the challenges we face.

First and foremost, we would like to thank this committee and the Congress for the
increased funding for the science agencies in the ARRA and recent omnibus for FY2009,
While these increases are very good for science and the science education initiatives at
the agencies, it is important that Congress continues work to fully fund the AMERICA
COMPETES Act.

Second, science educators nationwide are thrilled with President Obama’s pledge to make
math and science education a national priority and his promise to improve science
assessments; to help math and science students with college aid; and to increase the
number of science and math graduates. .

Another bright spot is the science education research conducted over the past few years,
largely with funding from the National Science Foundation, in the areas of student
learning.

One example of this promising research is the NSF-sponsored study reported in the NRC
publication Taking Science To School, Learning and Teaching Science in Grades K-8.
This research tells us young children are capable of learning far more complex and
abstract ideas than we had previously realized and how students learn science concepts
over time. Thanks to this research, we know that children can learn complex science
ideas by actively engaging in science investigations; by working with peers; by using
specialized ways of talking and writing; and by doing mechanical, mathematical and
computer-based modeling.
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Mr. Chairman we believe that this research, as well as other types of research focusing on
knowledge and cognitive development from the NSF and other agencies, has the potential
to revolutionize the way science is taught and learned. Unfortunately, very little of this
research finds its way into the majority of classrooms where it can have an impact.

Linking research to practice is one of the leading challenges in science education
today. The problem is two fold. First, we simply must find better ways to link the
community of science education researchers, including those in the federal agencies, with
one another and with schools, Second, we must effectively disseminate and actively
implement the vast research findings that can and will have an impact on our schools and
classroom teachers. Last fall the STEM Education Coalition urged the National Science
Foundation and Congress to provide more funding for the dissemination and
implementation of current NSF education research and products. Critical research in science
education must be implemented in our classrooms nationwide and used in a manner leading
to increased student achievement in the sciences.

In addition to providing more schools and teachers with critical research on student learning
and other issues, as a nation we must improve the quality and quantity of the science
provided at the elementary level. Increasing the number of science and math graduates
relies more on our success at the elementary level than many people realize. Many
district and school administrators are not placing enough focus on the quality and the
amount of science education that is provided to our young students. In fact many
elementary schools have reduced the amount of science education their students are
receiving or have eliminated it altogether because of pressure to show achievement in
other subjects. Last year The Center on Education Policy, a respected think tank that
monitors No Child Left Behind, examined the amount of time spent during the school
week on core academic subjects. The CEP found that since NCLB became law a majority
of districts cut time on science instruction at the elementary level by at least 75 minutes
per week in science.

The NSF-funded study National Survey of Science and Math Education also shows that
elementary school science teachers are lacking in content preparation, especially in the
physical sciences. 75 percent of the elementary teachers in the survey reported they felt
well qualified to teach language arts and reading, and 60 percent said they felt qualified
to teach mathematics, but only about 25 percent reported they felt well qualified to teach
science, Our youngest students deserve better, especially at a time when science
instruction is critical to laying the foundation for their future learning and critical
thinking skills and their decisions to pursue a future in STEM.

Another area of concern is the quantity and quality of professional development
provided to elementary teachers and all teachers of science. Long-term, coherent,
reform-based professional development is essential. All teachers of science must have a
sufficient knowledge of science, knowledge of how students learn science, and
knowledge of how to plan effective instruction. Ongoing quality professional
development should be coherent with other activities and focus on content knowledge
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and active learning. ' While it commonplace for most businesses to invest funding in staff
training, very few budgeted dollars go to teacher professional development.

In an NSTA survey conducted earlier this month of more than 3,400 teachers, 58 percent
said they did not have enough professional development opportunities in science. 67
percent reported they experienced less than 5 hours a month of professional development
during the school year (a total of approximately 50 hours during the school year),
Research tells us that it takes at least 80 hours of professional development to bring about
meaningful change in teaching behaviors.?

The preparation of science educators is another issue facing the science education
community. In its National Action Plan for Addressing the Critical Needs of the U.S.
Science, Technology, Engineering, and Mathematics Education System, the National
Science Board called for a review of teacher education programs and how well
prospective teachers are grounded in academic content in the subjects they will teach.
The NSB encourages higher education leaders to strengthen K-8 teacher education
programs so that they provide a deeper understanding of the content knowledge necessary
to teach mathematics and science.

NSF and others must also work to change university culture in fundamental ways to
bridge the cultural divide between the schools of arts and science and schools of
education and their efforts to encourage and retain more students in STEM fields. More
collaboration between these communities would lead to stronger teacher preparation
programs in science and mathematics. This area of focus for NSF would go a long way in
improving the ‘system’ of education.

Improving science standards and assessments is another key issue in science education
and we look forward to the President’s agenda in this area. Research from the Trends in
International Math and Science Study (TIMSS) tells us that current state science
standards contain far too many topics to teach. In fact our recent survey indicates that
teachers want to know how to teach fewer topics in-depth. Efforts to clarify the key
concepts of the current standards in science, which can then be coordinated with
curriculum, assessments, and teacher professional development, are essential. NSTA is
currently working with Achieve, the National Academies, and AAAS on an initiative to

! Garet, M.S., Porter, A., Desimone, L., Birman, B., & Yoon, K. (2001). What makes
professional development effective? Results from a national sample of teachers.
American Educational Research Journal, 38(4), 915-945.

? Supovitz, 1., & Turner, H. (2000), The effects of professional development on science
teacher practices and classroom culture. Journal of Research on Science Teaching, 37(9),
963-980.
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clarify science standards and identify core science concepts that will provide much
needed guidance to our schools and classroom teachers.

No discussion of quality science education would be complete without mentioning the
high school laboratory experience. Unfortunately the news in this area continues to be
bad. In 2005 the NRC report America’s Lab Report Investigations in High School Science
found that most students had a poor experience in the science laboratory. The report
found that teachers were not prepared to run labs, state exams did not effectively measure
1ab skills, the quality of lab equipment was widely diverse, and that the very definition of
what constitutes a "laboratory” experience is still being debated in far too many schools.
For an experience that is vital in science more could be done to delineate the guidelines
for science laboratories, connect laboratories to the science of today, provide better
training for high school teachers, and emphasize labs in the middle grades.

Finally, many school districts are finding it hard to recruit, retain and support teachers
of science. As pointed out in the report An American Imperative from the Business
Higher Education Forum, the United States will need almost 280,000 science and math
teachers in the next few years.

Teacher retention is a major concern because it is unlikely the current system can quickly
produce the needed numbers of science teachers. The teacher is the single most important
factor in the education equation. Good teachers must be supported and encouraged to
remain in the teaching profession. The National Commission on Teaching and America’s
Future reported in 2003 that approximately a third of America’s new teachers leave
teaching sometime during their first three years of teaching; almost half leave during the
first five years. Research from NSF and from NSTA tell us that the “teacher shortage” in
science education may be due to early exits because of conditions of schoolmg such as
lack of administrative support and student motivation.

Teacher compensation is also an issue. The average beginning teacher salary in the 2004
2005 school year was $31,753 3 while the average salary for recent science and
engineering bachelor’s degree recipients in 2003 was $40,900.% The national average
salary for public teachers in 2005-06 was $49,026° while the median annual earnings
(regardless of education) in S&E occupations were $67,780.5

Obviously science educators with degrees in science fields have many other lucrative
career options. The competition for teachers is quite extensive. While we applaud the
NSF Noyce Scholarship program and other initiatives to get STEM majors into the field,
frankly we are not doing everything we can to attract our best and brightest into teaching,

* The American Federation of Teachers’ (AFT) Survey and Analysis of Teacher Salary Trends 2005, p. 9
* NSB, Science and Engineering Indicators 2008 (NSB-08-1) (http://www.nsf.gov/statistics/seind08/),
* Rankings & Estimates: Rankings of the States 2006 and Estimates of School Statistics 2007, National
Educanon Association, December 2007)
NSB Science and Engineering Indicators 2008 (NSB-08-1) (http://www.nsf, gov/statisucs/semeS/),
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Mr. Chairman, I have presented what we believe are some of the key challenges to
science education today:

Linking research to classroom practice

Improving elementary science education

Improving the quantity and quality of professional development provided to
teachers of science, including elementary teachers

Better preparation of science educators

Improving science standards and assessments

Improving the quality of high school laboratory experiences; and
Attracting, retaining and supporting teachers of science.

As I mentioned earlier, we applaud the funding this committee has provided to many of
STEM education programs at the agencies under the jurisdiction of this committee, K-12
education programs at NASA have sought to attract and retain students in STEM
disciplines with educational opportunities for students, teachers and faculty.

NOAA Environmental Literacy Grants have made it possible to deliver educational
materials to thousands of teachers and students.

We are especially pleased with the increased funding for NSF’s Education and Human
Resources Directorate (EHR) in both the stimulus bill and the Omnibus legislation.
Programs under the NSF EHR Directorate have provided STEM education withrnew ideas,
new technologies, new curriculum, new resoutces and materials, and new talent from which
new ideas will continue to flow. This is vital to our knowledge base in STEM education, and
to out continued economic prosperity, national secutity, and wotkforce preparation.

NSTA would like to see additional resources to the NSF so the agency can continune
and expand upon its research and development efforts in science and math
education. This funding should include a greater emphasis on the dissemination and
implementation of research more broadly into the classroom environments. We talk about
pockets of excellence here and there, largely funded with NSF dollars, but very little of
the research generated from these initiatives reaches the majority of classrooms or results
in a substantial increase in student achievement or more students pursuing science.
Additional funding would allow the NSF to explore innovations in all domains of science
education and it would support programs at the proper scale to ensure an impact on
science learning.

Second, as the Report of the Academic Competitiveness Council and the Government
Accounting Office report (GAO-06-114) Higher Education: Federal Science,
Technology, Engineering, and Mathematics Programs and Related Trends have pointed
out, federal STEM programs at the federal agencies, including the agencies under
the jurisdiction of this committee and the Department of Education, Department of
Energy, and the DoD, need to be better coordinated in a systemic manner that first
truly identifies the needs of teachers, schools, and districts so that federal dollars
can be used to best address these needs.
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NSTA supports a provision in H.R. 6104, Enhancing Science, Technology, Engineering,
and Mathematics Education Act of 2008, introduced in the last Congress by
Representative Honda, that calls for the Office of Science and Technology Policy to
create a standing committee on STEM Education within the National Science and
Technology Council with the responsibility of coordinating and focusing all Federal
STEM education programs so they meet the primary needs of teachers and schools.

Third, Congress can encourage decision makers in schools to invest more in a long-
term commitment to teacher professional development. Federal research aimed at
teacher professional development and increased funding for professional development
will help state and local school districts provide science-specific professional
development to both pre-service and in-service teachers. We need to help end the
isolation that many classroom science teachers feel by providing more time for structured
professional development training; collaboration among teachers; study groups, and
lesson study. : :

In addition, elementary teachers need opportunities to deepen their knowledge of the
science content of the K-8 curriculum. One of the most significant recommendations the
NRC makes in Taking Science To School is “Federal Agencies that support professional
development should require that the programs they fund incorporate the four strands of
science proficiency, focus on core ideas in science and enhance teachers’ science content
knowledge, knowledge of how students learn science, and knowledge of how to teach

science.”

Finally, we urge Congress to provide funding for the America Competes Act,
including the Partnerships for Access to Laboratory Science provision (Section 4015
of the America COMPETES Act) that would create a pilot program at NSF to study
laboratories in science, which could include studies into helping teachers implement
laboratories, the design and sequencing of laboratories, and essential aspects of effective
laboratory instruction.

Mr. Chairman and members of the committee, elementary to college science educators
are very encouraged by the Administration’s strong commitment to science and math
education. Exciting new research currently underway can have a huge impact on the
teaching and learning of science, but only if it is properly funded and implemented in the
classroom. We thank you for stronger funding for science education, and believe a
coordinated effort to focus all Federal STEM education programs so they better meet the
primary needs of teachers and schools is necessary and will also go a long way to address
many of the challenges I have outlined here today. I thank you for this chance to testify
here today and look forward to answering any questions you may have.
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MR. MOLLOHAN QUESTIONS

Mr. MoOLLOHAN. Well, thank both the witnesses for their excel-
lent testimony.

SCIENCE EDUCATION

Both of you, in your respective ways, made the point that we had
to approach this comprehensively and in a coordinated way.

Mr. Nye made the statement right up front that they have to do
everything all at once. And Mr. Pratt gave us a detailed listing of
that and it might not have been totally inclusive, but it certainly
was comprehensive.

I would like to give each of you an opportunity just to elaborate
on that notion we have to do everything all at once. I certainly
agree with that. I think you have to do it from soup to nuts, from
education, the science education, which is a college function obvi-
ously, and import it into the elementary schools, K through 12 and
bring it forward.

But I would like to hear you all talk, each in turn, talk about
that notion.

Mr. NYE. Let me say that you if you are going to get a kid, a
student to have lifelong passion for science, it is generally agreed
you have to get that passion before you are ten, before you are ten
years old.

Now, you can get in debates about maybe it is 11, maybe it is—
I do not think it as late as 12, but there is no one—very few people
would argue that you can get somebody to have a lifelong passion
for almost anything by the time he or she is 17 or 18.

So this feature of the human brain or whatever that we get this
passion when we are very young, we need to exploit or enhance or
take advantage of. And this is the point that Mr. Pratt was mak-
ing, that we have to really emphasize elementary science edu-
cation.

And this involves, the expression that everybody loves is hands
on and it means if you—the old saying is if you want a kid to learn
about magnetism, you have to just give the kid magnets and he or
she will figure it out.

But if schools do not have the resources for that, then where do
they turn? Well, it has been shown to my satisfaction that about
half of what you learn about science is learned what is called infor-
mally. And informal is the technical term that means outside of the
classroom.

But then what is outside of the classroom? Outside of the class-
room might be something like the after school program. And in my
opinion, the most effective informal education settings are where
the person, the instructor, the educator, the person running the
after school program is passionate. Wherever that person is enthu-
siastic about science, the thing is successful.

And so as I tell teachers all the time, you should want to teach
science because you have got props. You have got things that blow
up. What is more fun than that?

And so we have a situation, and then I am going to hand it over
to you, Harold, in just a moment, is we have a situation where peo-
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ple who were not raised with scientific traditions are asked to
teach elementary science and they are uncomfortable with it.

But in my view, this is a great chance for teacher development
because almost anyone who goes into elementary teaching is pas-
sionate, wants to influence young people.

And so if we give them the tools to teach science, they will do
an excellent job. But right now those tools are not very well distrib-
uted.

Mr. PrRATT. We do have to think comprehensively and I would
add systemically. And let me explain what that means. We have
to think about the system from A to Z.

But first let me start with a negative just to set the stage in a
way good teachers would not usually do. It is not simply developing
high standards and rigorous assessments and then invoking pen-
alties when the success is not met. And I think that may represent
much of a model that is in the minds of both politicians and edu-
cators across this country today.

So let me fill in the space or the gap between the standards and
the assessment because that is where the work lies and that is
where the support and the funding needs to be made, not to de-
crease the importance of strong standards and quality assessments,
but to fill the gap, what I am going to call the gap between those.

And, of course, it starts with teachers at university education. It
is the model for teaching and learning that unfortunately gets rep-
licated at K-12 by some very poor but improving, I must say,
standards and examples of teaching at the university level.

Mr. MoLLOHAN. Will you say that again, please?

Mr. PRATT. Yes. What happens is that teachers, particularly at
the secondary level, but maybe to some degree at all levels, teach
the way they are taught. So whether we like it or not, university
teaching, and you know the worst case scenario are those huge
freshman classes, you know, arenas of 350 students and a micro-
phone with a professor standing behind it.

Now, there are improvements and NSF is making efforts and
there are some very good examples across the country where there
is an attempt and you have heard from some Nobel Prize winners
such as Eric Misor at Harvard and so on who have testified and
written extensively about this, but unfortunately the number of
those is fairly small.

So what the classroom teacher faces then is very little teaching
experience or modeling and they need the professional development
immediately. Young teachers do not survive for a whole variety of
reasons.

Part of it is the lack of training. Part of it is the lack of support.
Part of it is the poor teaching assignments they are given their
first years because they are low on the totem pole, so to speak, on
the seniority in the school district. They have poor instructional
materials. In other words, they have materials that really do not
help them understand what we call inquiry based teaching or
teaching beyond the facts. They do not have the professional devel-
opment support that they need. They often do not have an adminis-
trator who understands what quality science teaching is.
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So they hit a scene at the local school level where at least half
of them drop out in the first three to five years simply because of
a variety of reasons that just seem to pile up on them.

So we need quality instructional materials. We need the profes-
sional development in the use of those materials. We need the sup-
port in terms of physical materials to teach with as well as the lab-
oratories and facilities at all levels. We think of laboratories at the
high school level. We do not have laboratories at the elementary
level, but we need facilities that are inducive or conducive to teach-
ing elementary science.

And then, of course, we do need the support from the community.
We need a standing for teachers that is well recognized and re-
vered, if you will, at the local level. And we need time for them to
teach elementary science.

Then we need quality assessments that are consistent with those
standards and the type of instruction, the goals of instruction. So
we need research and development and the development of assess-
ments that are consistent with what we know to be quality science
and that the NSF research tells us is very productive and very suc-
cessful.

Mr. MOLLOHAN. Thank you, gentlemen.

Mr. Aderholt.

MR. ADERHOLT QUESTIONS

Mr. ADERHOLT. Thank you, Mr. Chairman. It is good to have our
guests here today.

Thank you both for being here.

I would concur with you, Dr. Nye, that the Chairman and Rank-
ing Member’s gray hair does look very nice

Mr. NYE. It is fabulous.

Mr. ADERHOLT [continuing]. And distinguished on them. I never
mind my hair turning gray. It is the turning loose part that has
always been a concern to me.

So, anyway, it is good to have you here and thank you for taking
time to come before our Subcommittee and to share your insight
and your thoughts on science, an issue that is very important in
this day and age.

NO CHILD LEFT BEHIND

One of the things that you mentioned about the No Child Left
Behind Act, and I think probably most everybody on this dais up
here probably was here during that time, and I am not sure every
one of us supported it, but we were here when that legislation
came before us.

Mr. NYE. It seemed like a good idea.

Mr. ADERHOLT. Certainly there are few federal programs that are
perfect. Matter of fact, any time that you have a government pro-
gram that is so big and so vast as No Child Left Behind, it is going
to be riddled with a lot of problems. And so I do not think anyone
would disagree with that.

I guess what I would be asking you, and this is just an honest
question, you mentioned the fact that teachers have a lot of paper-
work to do. What other ways do you think that we would need to
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revise No Child Left Behind or some goals that we need to look at
when we do change, and we will be changing No Child Left Behind
and making changes to it over the next several months? You know,
what would you offer?

Mr. NYE. Fewer standards and, if you will, more succinct stand-
ards that are achievable. And then you want standards that are
achievable through hands-on education rather—this is the old
question for any academic setting, lecture versus laboratory. This
is an old saying.

How much laboratory should you have versus lecture? And this
is a good question in the college level, university level. But in ele-
mentary school, they really do not need any lecture. What you need
is hands-on time when it comes to science education.

And so from my understanding, there are many schools where
science is not assessed at the elementary level, where it is not part
of the standards. And this is especially true of astronomy. May I
remind you 2009 is the year of astronomy.

We are the first, the people living now are the first set of hu-
mans to realize that we live on a planet that is hardly different
from many, many other planets and they are going to live through
a time when earth-like planets are discovered elsewhere.

And I mention this only because this is something that you
should be aware of certainly before you are 12 years old, but right
now we do not have a national standard in that one example. We
do not have a national standard for that. And we could change
that. That would be something, for example, we could change.

And there are people that are expert on this. And what happens,
it is my understanding, everybody wants his or her piece of the pie
and, I mean, this is your business is compromise. But what we
need is to let science be regarded as important at the elementary
level. And I think that would be a fundamental change in No Child
Left Behind from what I understand.

Mr. ADERHOLT. Thank you.

Of course, the President has repeatedly asserted that, as leaders
and members on both sides of the aisle will attest up here in Wash-
ington, that no child’s education can be fully maximized without
significant involvement from the parents.

And I am a parent of a five-year-old and a nine-year-old. And
what would be your suggestions as far as fostering and furthering
the science education outside the classroom when they are home,
on C(’),l?lrse, other than watching episodes of Bill Nye, “The Science

uy”?

PARENTS AND SCIENCE

Mr. NYE. Well, that is fabulous. You are looking for a specific
thing for you as a parent?

Mr. ADERHOLT. Yeah. Just what would you

Mr. NYE. Let them mess around in the kitchen. And then as part
of that, they have to clean it up. That has got to be part of the bar-
gain.

And so you can do things. One of the tenets, I am reluctant to
say innovations, on “The Science Guy” show is we divided science
into physical science, chemistry and physics, life science, which
would be general biology, and then things about the human body,
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and then what I like to call planetary science, which is earth
science and astronomy.

And I claim if you just try to nudge kids into those three cat-
egories every month, you will have fun. And people will inherently
learn science. Take food coloring and try to make it in the shape
of a squid. That is not so easy, but squid do it with their ink every
day or whenever they need to. I do not interview that many squid.
I have spoken to them, but I have never really had a response.

Then with regard to planetary science, you know, you can look
at the moon all the time. And we strongly encourage you to make
diagrams of the phases of the moon with a piece of soap scrape be-
cause you can—then the window gets cleaned at the end of the
month too.

And so I just encourage you to allow investigation, to let people,
let kids make a mess and clean it up because you learn things
about the—well, water is very important and you learn things
about the nature of materials, like paper is different from plastic,
metal is different from paper. You learn things about the world
that if you are going to go on to be a scientist or engineer or if you
are going to go on to be a legislator, you want everybody to be sci-
entifically literate in this fundamental way, have respect for
science.

So I say let them mess around. That is a great question.

Mr. ADERHOLT. Just briefly, in your opening comments, you men-
tioned the part about evolution and the importance of teaching evo-
lution.

Talk a little about that from your perspective and just expand a
little bit about——

EVOLUTION

Mr. NYE. Well, I get journals and reports about all the many
lawsuits in the United States associated with people trying to ban
or modify, ban evolution in science class or modify science to in-
clude things that were described by the judge in Dover, Pennsyl-
vania as breathtaking inanity. This would be the notion that there
is some scheme of thought that would be associated with a rea-
soning person believing the earth is, for example, 6,000 earth years
old. To me, that makes your life really complicated.

Where I went to school in New York State, you walk around and
they are Silurian fossils. There are trilobites everywhere on the
ground. You cannot miss them.

So then to try to—this is only for example—to try to explain
away the existence of a Silurian fossil through this complex non-
physical science completely outside of every-day experience to me
seems just fantastically complicated and makes, in my experience,
makes children very uncomfortable because the world becomes be-
wildering.

Instead, if you want to study philosophy, and certainly some of
the best ideas humans have ever had are in the Bible, I mean, I
am right there with you, but this understanding of the notion of
deep time and the fundamental reason we are so much more alike
than we are different and the idea that humans all came from Afri-
ca and we migrated across the world and the reason we eat wheat
and the reason some people have very light brown skin and other



180

people have somewhat darker brown skin is all explained by this
fundamental idea of evolution.

If you try to leave that out, your worlds become so amazingly
complicated when you are ten years old. It just is nonsensical.

To go to some place like the Grand Canyon and look at layer
after layer after layer and try to make sense of that, to look at the
what is generally called the ring of fire, we have volcanos in Ha-
waii that were created one way, we have volcanos in Washington
State, Oregon, northern California created in another way, and to
try to make sense of that and the age of rocks and the radiation,
the radioactive isotopes that lead us to make these inferences
about the age of the world, to try to do all that using something
other than science is just fantastically complicated. And I do not
think it is good for a kid.

And so, as I say, if you want to study philosophy and alternative
ways or what Karl Sagen, my old professor, referred to as creation
myths, that is a worthy study, but it is not what we have learned
through the process of science.

So wasting national resources debating an alternative to evo-
lution, I think, is squandering our treasure.

Mr. ADERHOLT. Do you have some of your colleagues that would
disagree with that or, you know, some of your respected colleagues?

Mr. NYE. Scientists?

Mr. ADERHOLT. Yes.

Mr. NYE. I never met one. Now, I have debated people who call
themselves intelligent designers or believe intelligent design. And
I have been completely unimpressed or how to say, I have been as-
tonished at how they are willing to ignore everything they can
touch and see.

See, here is the problem. Here is what is out of our every-day ex-
perience. When we look at a device like this remarkable phone, we
know that it was designed by people. Everything in this room, ev-
erything, even— are there are some plants here— everything came
out of somebody’s head. Every shape, every color, everything was
conceived by a person.

So when we see remarkable systems that fit together like, say,
in a forest where there are birds that live in this part of the tree,
there are other animals that live in this part of the tree, the whole
thing depends on these microbes that work in the soil, and the sys-
tem seems to fit together perfectly, these people on, if I may, the
other side assume or presume that there must be a designer associ-
ated with that.

And at first, that seems reasonable, but that is not how evolution
works. And these discoveries were made in the 18—they might
have been made long before that, but they were certainly docu-
mented in the 19th century. And so that is not how evolution
works. Evolution works the other way. It is the bottom up.

So, as we say, the bad designs are eaten by the good ones. And
so if you live at any moment in history, it looks like it all fits to-
gether because if it did not, it had disappeared. This is quite an
insight. It is remarkable.

If you go to Dinosaur National Monument set aside in the Wilson
Administration, that is some time ago, it is astonishing. There are
more species there. There are species discovered every year. In this
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place that is century old, guys, people are out there digging every
day. It is amazing.

And so you can, as I always say, you can feel insignificant as this
insignificant traveler in this time that is only going in one direction
and you can feel that your thoughts and your actions make no dif-
ference at all.

But then on the other hand, using our mind and the process of
science, we can understand all that. And that is worthy of respect.
That is a remarkable thing that humans who are hardly different
from many other species extant today can figure all this out. That
is worthy of something. That is worthy of celebrating. That is
science.

Mr. ADERHOLT. Thank you.

Mr. MOLLOHAN. Thank you, Mr. Aderholt.

Mr. Serrano.

MR. SERRANO QUESTIONS

Mr. SERRANO. Thank you, Mr. Chairman.

I am tempted to ask you a profound question, but I am also
tempted to ask you, Mr. Nye, some basic questions, like why isn’t
my Blackberry working in this room.

Mr. NYE. Could be the man.

Mr. SERRANO. Where do you keep your Emmys?

Mr. NYE. I keep two of them on the mantlepiece and I keep five
of them in a box.

Mr. SERRANO. And I have to

Mr. NYE. That is quite a thing. Thank you. That was a remark-
able time. Thank you.

Mr. SERRANO. And we have a running gag in this Committee as
to how long it takes me to bring up Cuba and Puerto Rico, so why
isn’t the little frog, the coqui, seen anywhere else but in Puerto
Rico? And it made its way to Hawaii recently and the Hawaiians
are complaining that it is a nuisance. For the first time, it sang
somewhere outside of Puerto Rico and, yet, Puerto Ricans see it as
the musical soundtrack to their lives on the island and for the first
time, it made it there. And no scientist has been able to tell us why
it only sings in Puerto Rico.

Mr. NYE. Well, wouldn’t that be worth knowing?

Mr. SERRANO. Yes.

Mr. NYE. Wouldn’t that be a fascinating thing to——

Mr. SERRANO. And that is why it leads me to my next question,
to the real question now that I let the audience know you won a
bunch of Emmys and——

Mr. NYE. That is very nice. Thank you.

Mr. SERRANO. And you blame me for the problems with the
Blackberry.

Mr. NYE. Well, these devices are made by people and people
make mistakes.

MINORITY AND SCIENCE TEACHERS

Mr. SERRANO. All I was trying to find out if Japan beat China
in that game in the World Classic and I think they did.
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Seriously, we are honored to have both of you before the Com-
mittee. And as one of the few members of Congress who was a
school professional, a teacher’s aide, and after that a school admin-
istrator, a program administrator, I know exactly what you are
talking about in terms of the lack of support that young science
teachers get and the lack of importance placed on that part of the
profession.

Mr. NYE. Well, another job where everybody quit within five
years, not to go, if I may, to another law firm to continue being,
for example, a lawyer, but to go into a completely different profes-
sion, I mean, that is not a good thing.

Mr. SERRANO. That used to be the life span of a member of Con-
gress, about three to five years in Congress.

But I must tell you something you do not know. And that is as
both of you were talking about the profession, there are a lot of
young people here today and they were all nodding their heads.
Now, they are the recipients of what those teachers have to offer.
And when you were talking about the issues that teachers face,
they were all agreeing with you, which brings me to a question.

You know, African Americans now represent about 12 percent of
the population and Hispanics represent about 15 percent, yet both
of them are getting about 8.7, 8 percent respectively degrees in
science and engineering fields.

In addition to that, we have community colleges that have stu-
dents participating in STEM programs or science, technology, engi-
neering, and mathematics, which could help young people move on
to a four year degree.

So while you have been speaking in general terms and that is
the best way to approach a lot of these things, my question is, is
there something we could be doing to encourage certain segments
of the society to move into these fields of study?

Mr. NYE. Well, how much of that, what I would want to know
is how much of that is associated with the wealth of the school dis-
trict. You see, the PB&dJ, the passion, beauty, and joy of science is
that whatever we discover in science is true for everyone.

And I have, if I may, been preaching this for a long time, that
if—the expression that was very popular ten or twelve years ago
was at risk kids—if at risk kids are exposed to science, they can
go into careers where their work is evaluated objectively.

And so just like everything else that has to do with, if I may, Af-
rican Americans and Hispanics, people of non-European descent, it
takes time, that the traditions that go back, I guess, about four
centuries are taking time to wipe out. But I am thrilled right now.
I think everything is going to change. I think it is going to be a
wonderful future.

And so I say to at risk kids or kids from school districts that are
not as wealthy pursue science because your work is objectively
evaluated and you can excel. And you will almost certainly get a
job that you love to come to every day, just like you.

Mr. SERRANO. And we do.

Mr. Pratt.
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ELEMENTARY SCIENCE

Mr. PRATT. Elementary science is where I would start because
you can get closer to the family and you can get closer to the home
through elementary science.

And just to pick a specific point and it is related not just to stu-
dents of minority or unrepresented students, it goes for all stu-
dents, is that when language development takes precedent over
science, you get the image both in the minds of the student, the
teachers, and the home that science is secondary.

We know that science is a great avenue for language develop-
ment and much of science and probably mathematics, too, is some-
what, I do not want to overstress it, is somewhat independent of
language. In other words, it is universal. And many of the cognates
of scientific terms, as we all know, are very much the same in var-
ious languages.

Students can learn science from day one regardless of the lan-
guage that they are operating in the rest of the school day. So we
need to keep the science strong and extensive for those students
because it sets a pattern, it sets a model, and it sends a message
to the community as well as to the school. And I think it probably
enhances their total education.

So often we take a very narrow view of what should be the edu-
cation diet of students who come in with what we call limited lan-
guage proficiency and we say, you know, science has to wait.

ENGLISH AS A SECOND LANGUAGE

Mr. NYE. Exactly. It has to go in parallel. In fact, one way to
reach a person who English is a second language is through
science. Very compelling study done in Nevada about this, and that
this is a way to teach words is with these phenomena that you ob-
serve in science.

Once again, I do not want to sound like a broken record. That
may be an older reference. A skipping CD, an older reference, a
tapping the double arrow to the left. But elementary science is
what we can emphasize at a very reasonable price that I claim will
change the world.

Mr. SERRANO. Well, we thank you for your testimony.

Mr. Chairman, I have to congratulate you on the hearing and on
these two witnesses. I think that this is an issue that has to be dis-
cussed, has to be debated. And as we move along to try to save the
economy, we cannot lose sight of the fact that other things have to
be done at the same time. And this is one of them.

And I am going to take, Mr. Nye, your comment about the kitch-
en to mean that your next show will be on the Food Channel.

, (11\/11". NYE. We have talked a lot about the science of cooking to
ids.

Mr. SERRANO. Exclusive.

Mr. NYE. Yeah. That there are certain techniques and good lab-
oratory skills are closely related to good kitchen skills, not to, how
to say, expand this into two heavy a discussion, but learning not
to spill things very much, learning to have your hands clean, learn-
ing what chemicals or what ingredients go in first and how to pre-
pare them. It is very closely related.
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And just to talk some more about me, my mother who was, as
I say, recruited, I am not sure you were here, was recruited to
work on the enigma code because she was good at math and
science. She strongly emphasized that, kitchen skills.

Mr. SERRANO. I was here at the hearing. I was not here when
she was recruited. I was in Puerto Rico wondering if I would ever
come to the U.S. and become a congressman.

Mr. NYE. Well, it is great to see you.

Mr. SERRANO. Thank you so much.

Mr. MOLLOHAN. Thank you, Mr. Serrano.

Mr. Honda.

MR. HONDA QUESTIONS

Mr. HONDA. Thank you, Mr. Chairman.

I really appreciate your enthusiasm and the comments you make
about the importance of teaching and science. And you are right.
I taught kitchen chemistry and all I did was tell the youngsters
that they understand what they are doing. We just put a different
terminology on it.

And so there are ways to make science interesting and—but I
will make one clarification. It is easy in the front to teach young-
sters from different language groups science, but they have to have
comprehensible input. And so we need to use the language they un-
derstand best in order for them to formulate the concepts and then
from there when they learn English better, they can speak about
it in another language.

But science is one of the best and most interesting ways of en-
gaging a youngster in learning. And I think that you are right.
Science is really basic in terms of understanding the world around
us and appreciating both differences and similarities.

And I am just fascinated with all the new information that comes
out that tells us we are closer to each other, including the other
primates, if we looked at our DNA. And so there must be some-
thing out there that is trying to tell us that we are all connected
somehow.

The enthusiasm is what I really want to hang on to and the ex-
perience about giving teachers support is critical. And I think that
while we talk about supporting teachers and making sure that they
are well-informed and well-trained, we need to remember that
youngsters are the primary reason that we are there, that children,
they are the goal and they are the reason that we are there as far
as an educational system and that if we understand that young-
sters only come to school with one currency, and that is time, that
maybe we will be a little bit more serious as a society to make sure
that the youngsters, that we as adults do not waste their time be-
cailse we cannot take their time and bank it and then withdraw
it later.

And so we need to prepare both intellectually in content and also
in approaching the youngsters in how they come to us. If it is lan-
guage we need to use as an instructional tool for conceptual devel-
opment, then that is what we need to do.

And so I would urge us to look at as we struggle with the policies
of science education that we remember the child is the purpose
that we are there for and no parent regardless of what background
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they come from will ever condemn us for looking at youngsters in
that way.

I think you bring a lot of interest and smiles and things like that
to science and to education, but I think that, in that skill and that
ability and that opportunity that you have that we also, remind
ourselves about the child, including the instruction, but the child
and all the different ways the child comes to us and challenge our-
selves to not only look at teacher instruction, but infrastructure of
the classrooms and how we assess them. And that assessment is
the end product. Curriculum is the treatment.

So for assessing the child’s achievement, if they do not achieve
well, then we should be saying we failed, not the child failed, that
the kinds of treatment that we provided the child or the assess-
ment missed the boat.

So with your vast exposure, the question I would like to ask both
of you is in the realm of public education. Where does equity fit in
terms of providing the kind of education we want for all our chil-
dren and where are we on that debate of equity and where does
that fit in terms of policymaking?

EQUITY IN SCHOOLS

Mr. NYE. By equity, you mean from school district to school dis-
trict or do you mean people from different backgrounds?

Mr. HONDA. It probably is all of that.

Mr. NYE. Well, I would say this is where good national standards
would help everybody. If we had good national standards that were
not too burdensome, then this is a case where people at the local
level can evaluate the kids who are coming to their school and ad-
dress their needs individually and still have success at getting
them excited about science, getting them to embrace science as an
important part of their lives.

So if I understand your question, it is empowering officials and
teachers locally with guidance and, if I may, funding provided fed-
erally. And so this balance between local authority and national
authority is what I think we need to work on and where I think
No Child Left Behind had some trouble was requirements without
the authority or the ability or the resources to meet those require-
ments.

Mr. PRATT. You almost answered the question, but let me phrase
it in my way and refer to your kind of description.

Number one, I think we have to have equal expectations and
that is where Bill is absolutely correct. The standards and assess-
ment across this country in the name of federal legislation are not
equal. They are too diverse. I mean, all you need to do is read the
reports that six percent success in one district is a 94 percent suc-
cess or state in another State. So that is not equity to begin with.

But assuming we have that, and I think we can achieve that if
we just have the political will to do it, then we have to think about
the students themselves. And I think we have to be very careful
of how we think and define equity. And we must think of equity
not just as input or to use your word treatment, we have to think
about equity of achievement or equity of output.

And that means when the output is not what we would say is
equal across all groups of students, then we have to upgrade, in-
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crease, improve, and I will use your terminology, the treatment,
the instruction, the support, the time spent with those students.
That is what we have to think about.

So part of our problem is simply the inability to carefully and I
think equitably, if you will, define equity, not as input, but as what
students achieve or to put it in almost engineering terms, the out-
put.

Mr. HONDA. Mr. Chair, if I may, the last comment or question,
what if we assess each child at the age of three or whatever assess-
ments we have at hand and funded each child accordingly, would
that be equity?

Mr. NYE. I think it is rhetorical. No. I mean, it does not sound
like it.

Mr. HoNDA. What would it——

Mr. NYE. It is like, if I understand, it is analogous to one vote
per person. You are saying you want

Mr. HONDA. No. No. That is

Mr. NYE [continuing]. To give them a gain or——

Mr. HONDA. No. That is parity.

Mr. NYE. Yeah. That is what I am saying.

Mr. HONDA. I am saying if you assess each child and each child
is different, therefore each child needs different kinds of attention
and resources, then there would be different amounts of money and
efforts behind each child. And if that is the case, then are we meet-
ing that child’s needs, at least developing a road map for the child
that is pertinent to that one child? If we go through each child,
would that be considered equity?

Mr. NYE. I would have to give that some thought, but this I can
tell you. The so-called individual lesson plan, the ILP, has become
a real burden for many teachers because there is an effect that
may not have been anticipated where one student has an individ-
ualized lesson plan. His or her parents find out about it, his or her
parents of another student find out about it and they want an indi-
vidualized lesson plan for his or her student. And then it becomes
a burden.

So this is where once again—I am not sure I am addressing your
question directly, but I will give us something to think about—
once again, we need standards that are useable for a very large
number of students so that it is equitable.

Mr. HONDA. So it is burdensome for us to

Mr. NYE. Right now.

Mr. HoNDA. No. Is it burdensome for us to understand that each
child has different kinds of needs and developing an individual
plan for each child is not necessary or does not go towards equity
because it is burdensome on the system? Are we worried more
about the system and the infrastructure and the cost of it or are
we worried about figuring out what the child needs?

It challenges us to, as a policymaker, to step outside the box and
rather than being confined within the current structure, and I un-
derstand the current structure is that we end up having parents
and school boards fighting for the best interest of the child and
spending a lot of money, that is burdensome, and, yet, the time of
the child moves on and on and on. We know good and well through
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the assessment what that child really needs, but we cannot afford
it.

Now I am asking a question, you know, should we be challenging
ourselves as a society to find ways to make that affordable?

Mr. NYE. Well, here is the thing. Think about your favorite
teachers. They were passionate. And I claim that very good teach-
ers had a feel or an intuition or perhaps it was cognitive, they
thought about it and made notes, where they provided each child
with an individual lesson plan, where they taught each, they still—
they taught—they do teach each child individually. Each child,
‘che}(l1 engage each child and they give that kid what he or she
needs.

What has happened right now, and I think we have an oppor-
tunity to make things better, is that intuition now has to be docu-
mented, it has to be spelled out, and records have to be kept. And
that is costing the teacher the most precious thing he or she has,
his or her time.

And so that, I think, as I understand it, these are anecdotes from
people I have spoken with over the last, let us call it, 12 years, this
is something we could improve.

Mr. MOLLOHAN. Thank you, Mr. Honda. Thank you very much.

QUESTIONS FROM STUDENTS IN AUDIENCE

Mr. Bonner has made an excellent suggestion, Mr. Bonner of our
Subcommittee, who I will be calling on in just a moment, has made
a suggestion that we have a lot of students here. They are particu-
larly interested in this hearing. And we want to offer them an op-
portunity at Mr. Bonner’s suggestion, which I think is an excellent
one, to ask the panel a question.

So I would invite the students here today on a piece of paper to
write a question, one each to Mr. Nye and Mr. Pratt. And we will
probably draw out of a hat, I am not sure exactly how we are going
to do that, and ask the students’ questions here.

So I think it is an excellent suggestion from Mr. Bonner.

Mr. NYE. That is fantastic.

Mr. MOLLOHAN. And we

Mr. NYE. Now, everybody, you could text it to me.

Mr. MOLLOHAN. Well, whoa, Mr. Nye.

Mr. NYE. So you have used this technology, right, where the——

Mr. MOLLOHAN. Mr. Nye, I do not want, Mr. Nye, I do not want
to lose control of this.

Mr. NYE. I am sorry.

Mr. MOLLOHAN. I know you are high tech here, but I think

Mr. NYE. I think that is not appropriate. I think they have to
go—this is the technology involving a tip and a paper.

Mr. MOLLOHAN. Thank you.

Mr. NYE. Yeah.

Mr. MOLLOHAN. Thank you for your help. Thank you.

Okay. So we invite students to do that. You do that. Then we will
collect them and at the appropriate time, but in the middle of the
hearing, we will not wait until the end——

Mr. NYE. That is great. Thank you.

Mr. MOLLOHAN [continuing]. We will ask those questions.

Mr. Bonner.
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MR. BONNER QUESTIONS

Mr. BONNER. Thank you, Mr. Chairman, and thank you for ac-
cepting that suggestion.

I am going to try to get my question out first and then tell you
a little bit about why I asked it because a lot of times, politicians
like to pontificate and then give you just a second to answer the
question.

SCIENCE EDUCATION COMPONENTS

Two things. What can we do to use the sources of young people
today for information, internet, video games? When I was a child,
it would be cartoons on a Saturday morning. But what can we do,
and Mr. Nye certainly, Dr. Nye certainly has found a way to con-
nect with young people, but what can we do to expand that?

As Robert indicated, he is the father of two young children. I
have got a 13-year-old daughter and a ten-year-old son and my son
loves to play video games. And whether it is the Wii system or the
Playstation III or whatever, what can we do to find video games
that have a science education component that are also fun because
to me, we have got to find a way to connect?

Mr. NYE. Mr. Bonner, I did not ask you to ask that question, let
the record show. But on Monday, the 9th of March, I start some-
thing I called Solving for X which is a series. Each segment is
about four minutes where I show you how to do Algebra. And Alge-
bra and science to me or math and science are intimately con-
nected.

And each segment is designed to appear on a small screen, on
something that a modern student would have internet access to,
often in a hand-held device. And you have to make production deci-
sions associated with that.

So I strongly believe in what is called the long tail. Are you fa-
miliar with the long tail where instead of many, many—instead of,
rather, a few television stations or radio stations now, it will be
thousands, tens of thousands, even millions of sources on the inter-
net?

And so I believe that the resources available to teachers on the
internet are only going to expand because many of these things are
not that expensive to produce and people who are passionate about
it will produce them.

So the technology of education is really going to improve. And I
look back, especially in physics class, at how wonderful the modern
physics demonstrations are. I mean, we had good physics dem-
onstrations, but the modern ones are just great. And this is
through the advancement of technology.

And so with that said, information distributed through the inter-
net is going to be part of every kid’s world, by information, I am
sorry, educational information, educational materials is going to be
part of every kid’s world very, very soon.

And with that said, there is no substitute for hands-on science.
So as important as the resources are available for science teachers
on the internet, we still have to have equipment in the laboratory
where you touch things with your hands. We cannot let that fall
through the cracks.
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Instead of film strips, which you no doubt enjoyed, movies where
you had to get the kids from the AV Department to the film
through there and there was still the one part that was burned be-
cause that is where the guy was upside down and it was just great
and compelling, instead of that, these—and instead of even VHS
tapes and instead of even DVDs, this will all be available on the
internet. And so that will expand, but there is no substitute for
hands on.

And two more things. It is very important that we secure the
internet. I know there is a lot of talk about that, but we cannot—
our society is increasingly dependent on electronic communications.
We have to make sure that that is always working.

I mean, the electricity going out is to me as a guy who grew up
in the United States is still kind of an embarrassment when the
electricity goes out. But when the internet or electronic commu-
nications go down, it is going to be not just an embarrassment, it
is going to be economic and in a sense educational disaster.

So how many people, may I ask the Committee, how many people
know Tex Johnston? Anyone familiar with Tex Johnston?

So Tex Johnston was—I was a Boeing engineer for a few years
and Tex Johnston was a Boeing celebrity. He still is. In 1954, he
took a 707, which is a larger airliner. In those days, it was before
the 700 designations. It was the dash 80. And he flew over Lake
Washington in Seattle where, the estimates vary, about a hundred
thousand people gathered for something call Sea Fair, Seattle Fair.
And he performed a barrel roll with a 707.

I do not know how many airliners you have been on, but they
very seldom perform rolls with those. And he landed. The bosses
asked him, I am sure there were some expletives involved, Tex,
what were you doing. And he said, first of all, I am selling air-
planes.

It was a very compelling demonstration. But then they asked
him how did he know that this maneuver would work with such
a large aircraft not really designed for inverted flight and so on.
And he said one test is worth a thousand expert opinions.

And so doing things for yourself once is worth being told about
it a thousand times. And so with the internet, we can distribute
this information. We will distribute algebraic sample problems, but
you still have to do them for yourself. We still have to provide peo-
ple the resources to do them for themselves.

It was an excellent question. Thank you.

Mr. BONNER. Since it was an excellent question, I will just stop
at that one then.

Mr. NYE. Thank you.

Mr. BONNER. Thank you very much.

Mr. MOLLOHAN. Thank you, Mr. Bonner.

We will have one more questioning and then we will—we are
sorting through the students’ questions now and then we will ask
a student question.

Mr. Fattah.

SCIENCE FUNDING
Mr. FATTAH. Thank you very much.
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Let me first say that I agree that I think things are going to get
a lot better very soon. The President has said that science is going
to be at the very front burner of the Administration’s concerns
around a range of issues.

But our Chairman has done a great deal in the area that we are
talking about this morning as Chair of this Committee. I think we
have invested a great deal of money under the Chairman’s leader-
ship in trying to improve science education and to respond to some
of these issues. And I want to publicly thank him for that.

But whether the youngsters in, you know, west Philadelphia, in
my district, or West Virginia, the Chairman’s district, or in the
Bronx or throughout the country, I mean, one of the challenges
that we have is illustrated in your testimony this morning about
the lack of content knowledge, particularly by teachers who are
teaching children in some of our more disadvantaged school dis-
tricts.

And, you know, the wealth disparities between school districts,
a lot of people say do not matter. It does not matter if we spend
three times as much on one kid as another for 12 years, somehow
they should all end up with comparable results.

But the truth of the matter is that I think we know better and
that it does matter. And the need for additional professional devel-
opment, the need for teachers with improved content knowledge is
important. The other reality is the physical plan itself. There are
schools, you know, in our states that, you know, a science labora-
tory is not something that one can take for granted.

A few years ago, the Washington Post ran a story and they
talked about a group of kids in a large urban city who went out
to the suburban school district to visit the campus and the kids
from the suburban school came in and visited the campus of the
school in the city.

And they described these two circumstances in which at one
school, there were these, you know, very nice science labs and all
of the science and math. Faculty had advanced degrees. And they
described the other school in which there was no microscope that
worked and there was no, you know, no equipment of any utility
and that none of the teachers teaching the core subjects of math
and science had majored or minored in math or science.

And you do not have to be a rocket scientist to figure out where
one school was versus the other. I think we all know. And one of
the real fallacies of No Child Left Behind is that it suggests that
somehow we should get a comparable result when we do not have
a comparable opportunity for our young people to learn.

And so I think that this question of equity is important, but I
wanted to talk a little bit about something else that was raised in
your testimony, Mr. Pratt, about national standards.

You know, we also operated under, for the entire country’s his-
tory, you know, under the notion that somehow there is some local,
you know, physics or biology or that somehow science taught in
Philadelphia and Mississippi, somehow should be a different
science than taught in Philadelphia, Pennsylvania.

The push for national standards has always been fought by those
people who say that, you know, we should have local control of
schools and people at a local level can decide how smart or less
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than adequately educated they want their own children to be and
that there is no national imperative, to use President Nixon’s
phrase, to worry about the quality of education.

I think that now that we have arrived at this moment, we all
kné)w better and that we do need to have a set of national stand-
ards.

But beyond that, I am interested in whether we could create a
national model of what should be being taught at what grade lev-
els, what kind of physical facilities should be available for the
teaching of science, and what exact prerequisites should be for
science education.

And to conclude, where there are strict standards for science edu-
cators, like in Pennsylvania, they are enforced, but there is some
selective amnesia. That is, when you get to a city like Philadelphia,
what is done is applications are made for waivers from the teach-
ing requirements so that they can get a warm body in the class-
room because they cannot afford to hire a qualified science teacher
under the state requirements of what that teacher should know
and should be competent to teach.

So we have this situation throughout the country. That is, we
have requirements. They are waived in the situations in the
schools where kids need the most help and they actually get the
least. And we have to deal with the consequences.

So I am happy that the Chairman had you come in today. I
would be interested in your comments.

Thank you.

NATIONAL STANDARDS

Mr. PrATT. Well, several comments. I participated and was on
the staff of the National Research Council during the development
of the national standards in the mid-1990s and we listened to a lot
of people at the community level, political level, as well as the edu-
cational level.

One of the strongest segments of our community that supported
the idea of national standards, which was very innovative in those
days, it was just coming almost out of nowhere except for the work
that that NCTM had done in mathematics a few years earlier,
where what we might call the underprivileged, under-represented,
the minority communities, those were the strongest supporters of
national standards because they said at least we are going to get
some attention.

And part of what goes on, even though there are waivers, even
though there are exceptions made either politically or administra-
tively, at least we know what is going on now. We can identify the
problem. That is the first step. Before that, we could not identify
or we did not, we did not have the political, educational, or per-
sonal will to identify the problem.

So I do not think that is the end of it. That does not solve it.
I do not want to leave you with that impression, but at least we
know now. And so we are hyperconcerned and aware of the learn-
ing gap and the problems of inequity in the districts across it be-
cause of standards and because of assessments.

I think we have not pushed that far enough and that is why
many of us believe that national standards and national assess-
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ments would help us become better informed and better aware of
the problem. That does not mean we know how to solve it, but that
at least is a first step in doing it.

Mr. FATTAH. I have paid a lot attention to school equity, ade-
quacy issue over the years.

Mr. PRATT. I am sure you have.

Mr. FATTAH. And it has been litigated in many states around the
country. You know, if you go and look at the Arkansas case, there
is an affidavit from a great teacher, name is Roy King, and he says
that he is the entire science and math faculty at his high school
of 200 kids.

He did not major or minor in math or science. He actually got
hired to be a gym teacher, a physical education teacher. And he
makes 20 grand and he makes a few more dollars driving the
school bus. He said he loves these kids, but they actually deserve
a little bit better than they are getting. He has got 20 textbooks
for 200 kids. He has got four calculators and he has not seen a mi-
croscope in school. Now, this is what he affirmed to the court.

And it is just a challenge for us to think about how we are going
to get from where we are to where we need to go, you know, unless
we create not just the aspirational standard but the resources and
the political will to actually make sure that these kids get a fair
shot at it because, you know, there is a lot of talent out there, but
it is not going to be developed unless they find an inspiring teacher
who is competent in what they are teaching and has the oppor-
tunity to mine those gems.

Mr. NYE. Well, there has been a lot of talk about audacity. And
I think this is the time to take an audacious step. And that is the
United States is going to be the best at this. And if we make that
part of our thinking, it will affect, in my view it will affect every-
one. It will affect every educator, every administrator, every school
board, every voter.

And as you may know, I grew up in Washington and so I am
sure they are all very nice people. I am sure they are lovely people,
but I grew up kind of, if you will, hating the Baltimore Orioles. I
am sure they are fine people. I say this is not my fault.

But with that said, I have tremendous respect for the manager,
Earl Weaver, who said if you play to win by one run, you are going
to lose by one run. If we spend a lot of resources at your level minc-
ing these details, I think we can get bogged down.

If we all just decide that the United States is going to be the best
in the world in math and science, we are going to graduate the best
engineers in the world and we are going to lead the way, if we all
decide that we are going to do that, then that will trickle down.

I had a very limited exposure. I spent some time with several
people who investigated the Columbia space shuttle wreck. And if
nothing else, they found that you have to change things at the top
to change things. You have to change things throughout the organi-
zation to change things. And those changes start at the top.

So I think that if we just say we are going to be the best in the
world, we are going to do whatever it takes to graduate the best
engineers and scientists and we are going to start in kindergarten,
maybe even pre-school and work our way up, we will achieve it.
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But if we say, well, we cannot do this or we cannot do that be-
cause this school district is concerned with this and this school—
sooner or later, it will bog down. We have got to all decide this is
worth doing.

Now, I know we are all very, very concerned about the economic
situation. That is all we talk about along with apparently the color
of the President’s hair. But I claim, and I do not think it is an ex-
traordinary claim, that ten or fifteen years will be here before you
know it, ten or fifteen years, about the time people are hoping to
resolve this economic crisis for sure. Some claims are two or three
years, but I think those are extraordinary claims.

By the time that economic crisis settles out, we will need to lead
the way. And that leadership in the developed world comes from
technology. And that technology starts with elementary science
education.

I know these are easy things to say. But as you see, I really be-
lieve in it. And I think if we start right now from the top, we can
change the world.

Mr. FATTAH. Thank you very much.

Thank you, Mr. Chairman.

STUDENT QUESTIONS

Mr. MoLLOHAN. Ranking Member Wolf is next up. He has gra-
ciously deferred to the student question. So I am going to ask one
student question and then I am going to give him the three that
I have in my hand. All of them are really good and I would like
to ask them all. And then he can ask one of these questions as a
part of his.

Perhaps we can, you know, be distinct in answering these ques-
tions. Of course, we have several of them, but I invite each of you
to respond.

The first question, and these all are really excellent questions, I
mean, it is impressive, from our students in the audience, most
specialized funding in science focuses on students who are behind.
Do you think this should remain the focus or should funding go to-
ward students who are interested in advanced learning?

Perhaps first we should ask if you all agree with the premise of
the question and then if you agree with the premise, do you think
funding should be directed to advanced learning?

Mr. Nye.

Mr. NYE. I do not have the statistics on that, but I will say
anecdotally if not the most funding, the most of a teacher’s time
and so the perception might be the funding is to what might be
called distractions or trying to bring people up who have not been
exposed to science from an early age, trying to catch them up cer-
tainly can take a lot of teachers’ time. And that may lead to the
perception that the advanced students are not getting their due.

But I will tell you also from my personal experience that if you
can excel in math and science, you will be recognized and you will
find your way. So that is as we say in engineering susceptible to
analysis. So I think we should look into that.

Do you have knowledge of that, Mr. Pratt?

Mr. MOLLOHAN. Thank you.

Mr. Pratt.
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Mr. PRATT. First, the premise. I mean, you know better than I
do that their funding formula is based upon the economic level of
the states and communities. So whether that is what the students
intended, you know better than I do that there are formulas ap-
plied to virtually all flow-through money to states and to districts.

Now, whether that should be a national priority is, of course, the
question that we come back to when the equity question hits the
table is where does the money come from. And somebody is always
going to tell you if we put it in favor of this group in the name of
equity or whatever the label may be, it probably has to come from
some place else.

We do not like the fact that there is a zero sum game when it
comes to appropriations, but you know that far better than I do.

So the question we have to grapple with is probably not so much
at the individual student level, although we cannot lose sight of the
importance of individual students, but ask the question as a coun-
try, what is going to serve us best, what is going to serve us best
to educate to the ultimate degree a few elite students which seems
to be somewhat the tenor of that question, I do not want to over
interpret the question, or do we face the equity issue and think
about all students because one of the premises behind the funding
formulas of today is that we need more. We also need quality stu-
dents. We need more.

And if we do not, I hate to use the word harvest, but if we do
not gain more graduates from all groups of the population, we are
losing out as a country. We are losing out technologically. We are
losing out socially. We are probably losing out competitively across
the world.

Mr. MOLLOHAN. Two members have not had a chance to ask
questions yet, Mr. Wolf, our Ranking Member, and Mr.
Ruppersberger. We have a vote. That means we have 15 minutes.
I think we can get both in.

And I call on Mr. Wolf right now.

MR. WOLF QUESTIONS

Mr. WoLF. Thank you.

I wish I had been here for the whole time. My district is right
here and I have had constituents coming back and forth in my
schedule, so I apologize.

I have a number of questions. Maybe we will just submit them
for the record.

Two of the students’ questions, I think, is very good. I think, Mr.
Nye, maybe you triggered the one, but he or she said as an August
2008 engineering graduate, I declare myself an “expert witness.”
He said you mentioned burdensome standards. What good is a
standard if it does not create a burden for a student to meet it,
which I think is a very good question?

Mr. NYE. Well, the burden is not the student. Yeah, the students
have to work hard. When I was in school, we did a lot and so on.
No. The burden is on the teacher. That is what I was referring to,
where especially the elementary teacher right now is required to
perform a lot of assessment, at least as I understand it from teach-
ers themselves, required to perform a lot of assessment and that
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assessment and reporting in a way that does not enable the teacher
to inspire kids.

Mr. PRATT. I am not sure the reference to burden, but I did want
to almost respond earlier when my colleague referred to the burden
in the classroom when expectations are increased or when indi-
vidual student needs are emphasized.

I think we have to think of burdens or when we hear the word
burden or we hear the word that I do not have the time or it is
an unfunded mandate, we need to be sure that that is not really
the case where an expectation is being laid upon a district and,
therefore, teachers without the kind of support necessary to do it.

So it may be an indicator that we need to pay close attention to.
And we all have a tendency to kind of complain, if you will, and
be overworked, I am sure, but I think there may be a signal there
that we are not attending to. And that is the lack of support to
carry out what is otherwise an excellent, excellent idea, but does
demand more effort, more time, and, therefore, probably more
money on the part of the district.

Mr. WoLF. The other question, and, Mr. Nye, you mentioned No
Child Left Behind. I am not an expert on education. Four of my
five kids are in education and I am the parent of five kids.

Without No Child Left Behind, the inner city schools are in
decay. And I think the No Child Left Behind has helped. And if you
look at some of the figures that have come out, particularly for
inner city schools, they have made a tremendous difference.

So how it should be, there should be more discretion, more flexi-
bility, but there have been fundamental cities and places whereby
the kids have been neglected for years. And I think those standards
have made a difference.

And in my own area, to a certain population, they have made a
fairly good difference. But it should be more flexibility, I think.

The other question is, our teachers are very passionate about
science, but what can you do about most, and they underline most,
of all our principals and administrators who do not get it? I think
that is why many teachers do not stay in the profession.

Mr. PRATT. As one who worked in administration in a school dis-
trict for 32 years, they should be part of the professional develop-
ment also. Do not just focus on the teachers. I mean, administra-
tive support in a whole variety of ways, whether it be financial,
moral, or educational is, critical. It is extremely critical.

We all know that in the workplace, any place, the leadership,
who you are working for, who you are responsible for sets the tenor
for where you are, sets the level of expectation and the quality of
v&ihat goes on in that workplace, whether it be schools or anything
else.

So let us not leave the principals and superintendents, if you
will, out of the professional development equation when it comes to
support.

Mr. NYE. It comes from the top.

Mr. PRATT. Yes.

DC VOUCHERS PROGRAM

Mr. WoLr. Well, speaking, just to take an opportunity to put this
on the record on the top, I listened to my friend from Philadelphia
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talk about the D.C., about the Philadelphia schools. I am a grad-
uate of the Philadelphia schools. Let me just send a message to
Mayor Fenty. And you said you were here in the District of Colum-
bia.

The District of Columbia, the Congress in its wisdom with Con-
gressman Davis put in a voucher program for kids in the inner city
to have an opportunity to go to other schools. Ten thousand are
using that. To the credit of the Washington Post, they have edito-
rialized twice against the Congress for abolishing and ending that.

And, yet, the strange thing is Mayor Fenty, who has done a great
job with regard to the new superintendent Rhee, I have been very
impressed with her, Mayor Fenty has been silent as these young-
sters are now going to be forced out of these schools that they have
taken advantage of the voucher and have to go back into the dis-
trict schools.

So when you talk about the principals and the administrators,
where is Mayor Fenty on speaking out on the issue of whether or
not this should continue because 10,000 kids are going to be forced
out of their environment and the schools that they are into back
into schools that may not be going very well.

But I am going to have a number of questions that we will then
submit for the record. And I thank the Chairman for the hearing
and yield back, unless you want to comment on Mayor Fenty not
speaking out on the issue.

Mr. NYE. Well, if it is Nationals versus Phillies, I am Nationals.

Mr. WoOLF. The Phillies and Robert Roberts was a better pitcher
than anybody on the Nationals.

Mr. MOLLOHAN. We have ten minutes or eight minutes 28 sec-
onds. Mr. Ruppersberger——

MR. RUPPERSBERGER QUESTIONS

Mr. RUPPERSBERGER. Well, I assume your——

Mr. MOLLOHAN. Excuse me just one second. I will ask the wit-
nesses if they can stay, we have four votes, if they can stay until
after we vote. And can you?

Mr. NYE. Absolutely.

Mr. MOLLOHAN. Okay. That will run us a little past twelve. But
I think it is really an important hearing and we want to ask a cou-
ple more students’ questions. Then we have some questions we
want to go through.

Mr. Ruppersberger.

Mr. RUPPERSBERGER. I assume your comment about the Orioles
is that you are a Yankee fan? Is that the case?

Mr. NYE. No.

Mr. RUPPERSBERGER. But, you know, with Brooks Robinson and
Frank Robinson

Mr. NYE. Oh, it was fantastic. They were a great team.

Mr. RUPPERSBERGER [continuing]. Boog Powell.

Mr. NYE. They played with seven guys and still win.

SCIENCE EDUCATION AND THE REST OF THE WORLD
Mr. RUPPERSBERGER. Not anymore. We are working on that.
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I also agree with Congressman Wolf. I think you have some great
teachers and anybody in the teaching profession, I respect. And a
lot of my family is in the teaching profession.

But I think a good principal is so important. You can tell 15 min-
utes into school and a lot of times, we do not train our principals
and we do not have the right people there. But that is not what
my question is.

I am on the House Select Intelligence Committee and I Chair a
Committee that oversees all of NSA, all the space program, a lot
of the science issues. And this Committee has jurisdiction over
NASA, by the way, from a funding point of view.

And in my role there, and I have been to China and other parts
of the world in the capacity of being on the Intelligence Committee,
and, you know, China just about a year ago graduated over 600,000
rocket scientists, mathematicians and engineers. And because they
are not a democracy, China can tell them, the smartest people, you
go into rocket science, you go into this arena or whatever.

If we are going to be the nation that we are now and that we
need to be, and we are slipping in a lot of arenas, so we have got
to deal with it, I work with NSA and some of the people on their
board, Microsoft is on their board, some pretty good people, very
successful companies, and want to create a concept right at NSA
in the Baltimore region to create a STEM school starting in middle
school, and this is what China is doing, and really develop people
in the Baltimore region, testing children to come to a STEM school
at NSA where they will be able to have excellent teachers but fo-
cusing in the arena of math and science, but also the inspiration
of being near NSA and NASA, Goddard is right up the street.

And we have been working with the State superintendent, Nancy
Grasmick, I do not know if you know who Nancy is, and the other
jurisdictions there, and wondering if you have any comments on—
and I guess you probably, Mr. Pratt, might be able to answer this,
but either one—on where do we go?

In other words, what—developing the curriculum for this type of
operation and if it works, we want to take it to other parts of the
country. This would be a pilot program.

I have been talking to the Gates Foundation and Gates, Bill
Gates about it, and they are very interested in getting involved,
having some of the big business community, people in the business
community that are interested in STEM and developing our math
and science. But we have to start early.

The subjects from K-12, that we want to start this in middle
school. What do you think is necessary to lay the foundation and
what type of curriculum should we pursue on the focus of what I
have told you?

Mr. PRATT. Well, there is a caution involved here. In some re-
spects, the kind of curriculum is not that different than all stu-
dents should experience. Maybe the rate and the level of abstrac-
tion, the age in which ideas are introduced can be modified based
upon the special experience and motivation and ability of those stu-
dents.

But I think there is a caution here that we do not want to be
too symbolic. We do not want to say we are doing this in the name
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of STEM for a few students and, therefore, we have, and you did
not imply this, but we have solved the STEM problem.

PILOT PROGRAM

Mr. RUPPERSBERGER. We wanted the pilot program to take it
throughout the whole country.

Mr. PRATT. And it can set a model, but it also sets a model that
sometimes is not the most appropriate because there is always the
notion that that does not apply to my students. That is not the
equivalent of what my situation is.

We need model schools for the poorest of students both economi-
cally and student-wise. We need to know how to work with
those——

Mr. RUPPERSBERGER. But you are giving me a macro approach.
I am more interested, I am working with this project, and I would
like to know what you would do to develop curriculum? What type
of teachers? Would you bring people that do not have as much spe-
cialty in the area of actual teaching education and bring in some
former people, rocket scientists, maybe bring an astronaut in, you
know, because we are not getting the students to go into this field
that we need to?

One of the issues is to have this near NSA and to have them in-
volved in an intern type situation that this will be their goal and
their motivation. This is what China does.

Mr. PRATT. Well, if you could find another host, I mean, a school
full of Bill Nyes, you would solve the problem. But it is not just
the astronauts. It is a combination of astronauts and teachers.

Mr. RUPPERSBERGER. No question.

Mr. PRATT. It is a combination of curriculum. It is the kind of
instructional materials. It is the laboratory equipment that is avail-
able there. It is the questions that are asked of the students.

Mr. RUPPERSBERGER. It is a possibility of paying teachers more
than they would normally be paid in the system. That might be a
focus of where we——

Mr. NYE. If you want to attract——

Mr. RUPPERSBERGER. Yes, go ahead.

ATTRACTING QUALIFIED TEACHERS

Mr. NYE. If you want to attract people who would otherwise go
to NSA to teach in the school, I imagine you are going to have to
pay them somewhat more than you would pay other

Mr. RUPPERSBERGER. And that is why we want the business com-
munity involved, to help us in that regard.

Mr. NYE. So along that line, if you want the very best science
students to attend this school, I believe you have to start at the ele-
mentary level. You have to support elementary science education
before you start this filter or sieve or selection process for these
people to go into that school.

Mr. PRATT. At the risk of keeping Major League baseball on the
table, you need a farm team.

Mr. NYE. Yes.

Mr. PRATT. You need a development team at the elementary and
middle schools.
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Mr. RUPPERSBERGER. Well, we need to take this type of cur-
riculum to the whole country. And there are some areas of the
country that do have pretty successful, but a few——

Mr. NYE. Well, Bronx Science.

Mr. RUPPERSBERGER. Bronx Science?

Mr. NYE. Yes. That is——

Mr. RUPPERSBERGER. So you are a Yankee fan then, right?

Mr. NYE. No, no, no, no. Heavens.

Mr. RUPPERSBERGER. I agree.

Mr. NYE. No. But this is a very successful model, the Bronx
School of Science, you know, where people in the New York school
districts compete to go to a technical high school. But my claim is
that you have to start before people are in high school. So if you
want the best people in middle school, you have to start before.

Mr. RUPPERSBERGER. That is interesting because we debated that
back and forth working with the superintendent of Maryland.

Mr. NYE. I will claim you ask anybody who works at the NSA
in a technical position, there are probably, I do not know, tens of
thousands of these people, when did they want to be scientists or
engineers, when did they want to be computer scientists.

N 121/11‘. RUPPERSBERGER. Most of them, very early, and I have
a —_—

Mr. NYE. I was going to say it is going to be before they are ten.

Mr. RUPPERSBERGER. Yes.

Mr. NYE. And the example I always give you is ask your physi-
cian, ask your doctor when did he or she want to be a doctor. It
was long before they were ten. They will tell stories, yeah, I was
looking at plants.

And just my own experience, I used to watch bees. And then I
read in Ripley’s

Mr. RUPPERSBERGER. Then you got stung.

Mr. NYE. I got stung many times, yeah. It has not affected me.

I read in Ripley’s Believe it or Not that according to aerodynamic
theory, bees cannot fly. And even as a very young person, I realized
that was a bad theory. Bees do really well. I mean, they outperform
helicopters pretty much.

And so this passion and this interest happened long before I was
in sixth grade.

Mr. RUPPERSBERGER. That is a great point. I have learned some-
thing here today.

Mr. NYE. Well, good. I have learned a great deal.

Mr. RUPPERSBERGER. Do you always wear a bow tie just like you
are branding?

Mr. NYE. Yes. I wear a bow tie for a couple reasons. They do not
slip into your soup. They do not flop into your flask. And I

Mr. RUPPERSBERGER. I like it. It looks good on you.

Mr. NYE. Well, thank you. Thank you. And——

Mr. RUPPERSBERGER. You started with the Orioles and I am just
trying to play with you.

I am finished my questions. How much time do we have before
the vote?

Mr. MOLLOHAN. I would advise the members of the Committee
we have 17 seconds.

Mr. RUPPERSBERGER. OKkay. I really want to thank you.
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Mr. MOLLOHAN. And probably scientifically it is impossible to get
over there.

Mr. RUPPERSBERGER. And I think what you do, you are right on
course.

Mr. NYE. Well, thank you.

Mr. RUPPERSBERGER. Keep doing it.

Mr. NYE. Let us change the world.

So we wait here while everybody votes?

Mr. MOLLOHAN. Yes. You can wait here, take a break. We will
be back. We have four votes. The next three, I assume, are five
minute votes? Five minutes votes. Probably 20 minutes

Mr. NYE. We will be here.

Mr. MOLLOHAN [continuing]. Before we get back.

Mr. NYE. Sir, we are here.

Mr. MOLLOHAN. Thank you. We appreciate it.

Mr. NYE. Thank you.

[Recess.]

Mr. MOLLOHAN. I thank the witnesses for their accommodation.
We will continue the hearing with Mr. Wolf.

STARBASE QUESTIONS

Mr. WoLF. Thank you, Mr. Chairman. Just a couple of short
questions.

Are you familiar with the STARBASE Program at the Depart-
ment of Defense, either of you? You are not?

Mr. NYE. No.

Mr. WoLF. Okay. Well

Mr. NYE. It is an education program?

Mr. WOLF. It is an education program. We can——

Mr. NYE. Does it have an acronym?

Mr. WOLF. It is a premier educational program sponsored by the
Office of the Assistant Secretary of Defense. It provides students 20
to 25 hours of stimulating experiences all on the sciences. It is
geared toward fifth graders. It says focus on elementary students,
primarily fifth graders. The goal is to motivate them to explore
science, technology, engineering, math, STEM, as they continue
their education.

I thought you would have known. I think it was started by Sen-
ator Byrd, I believe. And we are going to bring it to my district.
Well, why don’t you look into it? We will get you the material.

Mr. NYE. Did you say 20 to $25.00?

Mr. WoLF. No. Twenty to 25 hours.

Mr. NYE. Hours, oh.

Mr. WoLF. Yes, it has to be done at a defense installation. And
we are going to be doing ours at our Armory, but they do it at the
Air Force Base in Martinsburg. Well, take a look at it and we will
get you the material.

The other one is your comments about the Jason Program? Are
you familiar with the Jason Program?

Mr. NYE. Yes, sir.

Mr. WOLF. Yeah. Could you tell us a little bit. We have it in my
district. They are now based out in northern Virginia. I have been
very impressed with them and Dr. Bell. What are your comments.
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Mr. NYE. Well, to me, it is maybe the perfect example of informal
science education. Informal being defined as something not in the
classroom. So you might think of it being rigorous and stuff when
you are kid in the Jason Program, but it is generally outside of the
curriculum. And to my understanding, it is very successful.

Mr. WoLr. Well, I think it is now part of the curriculum. We
have it in a number of schools in my district.

Mr. NYE. Well, that is good.

DR. BELL

Mr. WoLF. Well, do you ever talk to Dr. Bell? Do you know if

Mr. NYE. I spent some time with him.

Mr. WOLF. Yes.

Mr. NYE. He is very gracious.

Mr. WoOLF. Yes.

Mr. NYE. And you talk about a compelling guy.

Mr. WOLF. Yes, he is very, very impressive.

Mr. NYE. And he is a classic example of someone who is very
passionate.

Mr. WOLF. He is, he can excite kids.

Mr. NYE. I know that this Committee is responsible for funding
NASA. Dr. Bell really emphasized the importance of studying the
ocean.

Mr. WoOLF. Yes, NOAA too. I do not know what this Administra-
tion’s budget will show. The last Administration was not very, very
supportive of it. And I just wanted to get your comments. I am glad
you think it is a good program.

The other two questions quickly, do you think there should be
some legislative provision that is put into law saying that any com-
pany, scientific company, Lockheed Martin, Raytheon, Boeing, that
has government contracts must have a number of its employees do-
nating time in the schools, scientists, because we find out in north-
ern Virginia when SAIC or a company has its people coming into
the school with a real hands-on program, a robotic program, if you
will, but they are all doing it on a voluntary basis?

Do you think it would make sense to either give a tax credit or
put in the government contract that if they participate in any gov-
ernment contracts, then—I mean, Boeing lives off of government
contracts—that they have to have so many hours of their employ-
ees to go into the schools where they live and to teach?

Mr. PRATT. I would strongly support that. I had some personal
experience a few years ago in one of my earlier retirement posi-
tions. One of my jobs was to align up local scientists and engineers
to go into elementary schools on somewhat of a regular basis to
kind of give them a surge of elementary science, if you would.

So my job was to find volunteers anywhere I could, at the univer-
sity level, at the hospitals, and especially in local aerospace indus-
try.

One of the biggest problems we had was to get the release of en-
gineers and scientists who had government contracts. It was just
the opposite. They had to account for every obviously minute or
hour and assign that to each project they were working on.
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And so the administration, the management was very hesitant,
if not resistant, to any kind of release because there was no place
to charge that time. So I would strongly support the idea.

Mr. WoLF. If T could ask you to give me a letter to that effect,
and what I will do is I will contact the Department of Defense.
Maybe if the Chairman is willing, we could put some language in,
but to sort of say, because I think many would like to do that and,
yet, on a procurement basis, they have a difficult time, to say that
if you are participating in any government contract, so many hours,
if you will, going in practical in the classroom. So if you could give
me a letter to that effect. Do you

Mr. PRATT. This is not recent experience, but I would be glad to
do it.

Mr. WoLF. No. But just saying how important that is.

Mr. PRATT. Oh, support the idea, definitely.

Mr. NYE. For example, sir, in NASA, we have a civilian space
mission.

Mr. WoLF. All right.

OUTREACH EDUCATION PROGRAMS

Mr. NYE. You are required typically to have ten percent of the
budget go to outreach education.

Mr. WoLF. I did not know that.

Mr. NYE. Well, it is quite common. Anyway, my point being it
sounds like there is an opportunity here where they do not want
your government to contract you or reluctant to release an engineer
to go teach in school. And you will find many engineers who are
very enthusiastic about this. Maybe there is a way to change the
accounting so that that could be credited toward their outreach
budget.

Mr. WoLF. Well, let us look into that. But I would appreciate a
letter validating as much as you feel comfortable doing.

Mr. PRATT. Oh, yeah.

CHINA VS. U.S. IN SCIENCE EDUCATION

Mr. WOLF. The same with you, Mr. Nye.

The other, if you had to compare us with China, how we are
doing in sciences in the schools, do you think we are doing very
well, do you think we are kind of holding our own, or do you think
we are in decline?

Mr. PRATT. There was an article in Science Magazine, a AAAS
publication, maybe two weeks ago, a little education form article
that compared achievement in three or four different areas and
content knowledge and showed us very far behind, very far behind,
lacking——

Mr. WoLF. Who was?

Mr. PRATT. The U.S. compared to China. It was a simple sort of
U.S. to China comparison.

Mr. WoLF. We will get that copy.

Mr. PRATT. There was one interesting, maybe not ironic, but one
interesting finding about that. They tested in like three or four dif-
ferent very specific content areas, and I think in the physical
sciences, engineering physical science. And we were very deficient,
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except their was one test on the scientific knowledge or under-
standing of or ability to understand the scientific enterprise.

And that particular subtest, the two nations were very equal. A
bit ironic, but it may say something about the nature of science in
China more than it does say about science education in China
where it is so strictly oriented toward strong academic performance
with very little experience in science. It was not the well-balanced
education that we value so much in this country.

Mr. WoLF. Of course, they are moving so fast. How about you,
Mr. Nye? Are we doing very well, we are steady, or we are in de-
cline?

Mr. NYE. Here is what I will say. I have only been to China once,
but I will say that the people you meet, these are academics, as-
tronomers, rocket scientists, they are very hopeful about the future.
They are excited about the future and they are excited about their
science.

So whatever disparities exist now are only going to be exacer-
bated. They are only going to get worse. China, the country and the
people there are very excited to lead the world. They are excited
about the future.

With that said, keep in mind that about half of the people in
China as of a couple years ago have never made a phone call, never
made a cell phone call, never made a phone call. And so the Chi-
nese government is working very hard to provide people with a
basic knowledge.

And this might be part of why that content knowledge so called
seemed to be ahead, whereas the basic understanding of science as
a process was about even. It might be because they are hustling.
They are working hard to get everyone caught up.

Mr. WoLF. Yes. They are surging in the space program, we have
been told. We have 90,000 people in the space program, govern-
ment and nongovernment. They have over 200,000. And you cannot
do that for a long period of time.

I worry that our young people, many are watching more video
games, probably spending more time on violent Grand Theft Auto
video games that are absolutely horrible, and if you think I am
right, say so, and not putting it into the math and the science and
physics and things like that.

Mr. NYE. Well, about the Chinese space programs, may I com-
ment just a little bit about that?

Mr. WoLF. Yes.

Mr. NYE. Bear in mind, everybody, that the Chinese space pro-
gram and the Indian Space Organization, ISO, both of these gov-
ernment bodies are going to send people to the moon. They are
going to try to send people to the moon. And this is an opportunity
for the United States science and engineering community to work
with these emerging space faring nations.

I have heard as Vice President of the Planetary Society and a
science educator a concern that the United States cannot lose the
next space race. And as I understand it, the space race would be
to the moon. Well, the United States landed people on the moon
40 years ago.
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So in a sense, the United States has already done this. And it
was a time when everyone in the world was involved. Everyone in
the world celebrated the landing of humans on the moon.

So this is an opportunity to use things like the International
Space Station to engage these emerging space faring nations and
we will do that, I claim, with young scientists and engineers. The
young, the emerging scientists and engineers from both nations or
all three nations can work together to explore space.

Mr. WoLF. All three being?

Mr. NYE. China, India, and the United States. These are the
emerging space faring nations. With that said, I mean, the Euro-
pean Space Agency is a terrific thing. It is great. But they, it has
not reported that it intends to send humans back to the moon.

Mr. WorLF. Well, I agree with you, but I have got to end on this
for the record because somebody might actually look at this.

China is a dictatorial country that is persecuting its people. It
has a large number of Catholic priests and Bishops in jail today
being tortured, a large number, 30, about 30. It has a large number
of Protestant Pastors.

If you need a kidney, for $50,000, you can go there. They will
take your blood type. They will go into the prison and they will
sllloot somebody. And for $50,000, you can have a kidney trans-
plant.

They have plundered Tibet. We know what they have done it for.
They are spying against us and stealing our secrets and weapons.
They have had cyber attacks against a large number of members
of the Congress and also Committees.

So go into this with your eyes open. They are not going to cooper-
ate only. They are going to be taking. They are going to be taking
things. With the other countries, I completely agree. But, you
know, I think everyone has this warm and fuzzy panda bear feeling
with the Chinese. They are potentially a direct threat. And if they
ever gain whereby they can surge ahead, I agreed with you and
you have taken a little bit away, we should be number one in ev-
erything that we do. I think that is the exact thing. Too much co-
operation with China will be they will take.

Now, I believe I hopefully will live to see the current Chinese
government fall and there will be democracy. The Chinese people
are wonderful people, absolutely wonderful people. The government
itself is evil. And so to cooperate with the current government in
space, they will take and they will not give us anything.

But other than taking China out of that, yes, with India, I agree
and with Europe, I agree.

Anyway, I appreciate your testimony. I thank the Chairman for
having the foresight for having these hearings.

I think the thing that you said the most that I believed in, if you
lose them by ten, you probably lost them because you never hear,
oh, maybe never is an exaggeration, but of somebody going to UVA
and majoring in history and in their sophomore year transferring
into physics. I mean, it just does not happen. I think your point is
well taken.

Now, maybe that is where the thrust should be for the National
Science Foundation and the Department of Education to really put
everything, knowing that we are limited in resources, everything
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we possibly can first, second, third, fourth, and fifth grade with the
idea if we capture them then, and I wanted to be a congressman
when I was in third grade, and so I think your point is well—

Mr. NYE. It was before you were ten, right?

Mr. WoLF. Well, yes.

Mr. NYE. That is remarkable.

Mr. WoLF. Yes. I knew. They asked me and I said, and I stut-
tered very badly, and the class would laugh at me. They would say,
you know, you cannot even speak, who are you going to be. I was
in third grade in elementary school, Patterson Elementary School.
And I knew what I wanted to be.

Now, I ran in 1976. I might tell you, this is not for the record,
your brother supported me, he said, when I ran. He said he voted
for me. This is not for the record. I lost in 1976. I lost in 1978. I
won in 1980 and barely won. So your brother may be partially re-
sponsible for me getting my boyhood dream.

I yield back. Thanks.

AMERICA COMPETES

Mr. PRATT. One follow-up comment, if you would, please, allow
me. A pointed suggestion, if I may. “America Competes” seems to
be very much in the minds of the legislature right now. Please look
at it very carefully with respect to its support for elementary
science. My assessment is it is being undervalued and that par-
ticular piece of legislation.

Mr. MOLLOHAN. Thank you.

Mr. Wolf, I am not sure what good it was making those com-
ments not for the record. We may still be on C-Span and we are
being web cast anyway.

So thank you.

Following up on a couple of lines of Mr. Wolf's questioning, this
whole question of inquiry-based education versus content-rich edu-
cation and the balance between the two, I know I wonder, because
I guess I was not exposed to inquiry-based instruction much, so I
appreciate in the sense of having experienced content-based science
and math education, where does one end and the other begin? And
how do you assess relative value and then, of course, where is the
balance between the two? I mean, is China being successful with
its approach and are we just ambivalent and searching for our ap-
proach?

And both of your thoughts on that, Mr. Nye first, please.

Mr. NYE. Well, the expression content rich is, I believe, another
way of saying learning facts.

MR. MOLLOHAN QUESTIONS
Mr. MOLLOHAN. Yes, as I am using it, that is what I mean.
HANDS ON SCIENCE

Mr. NYE. And then inquiry based is another way of saying hands
on or experiment or demonstration based.

Mr. MOLLOHAN. Yes.

Mr. NYE. And, of course, you need both. And I will say that at
the elementary level especially, you have to experience nature and
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the world around you with your hands and eyes, with your senses.
It is very important.

But I also claim people talk about trivia contests and trivia
games and so and so being an expert in trivia. I will claim that the
more you know, the more facts you know, the more trivial facts,
seemingly trivial facts you know, the more you know.

And by that, there is a skeleton or a scaffold that forms in any-
one’s mind. As you learn about the world around you, you learn
about the planets, about the size of the earth relative to the size
of the moon to the sun, to the plutoid Pluto. You learn about the
length of a DNA molecule relative to its width relative to a meter.

And so these facts give you a complete picture of the world. And
so you have to have content rich education and you have to have
hands on education.

But I believe, and now I will hand it to Mr. Pratt. I believe we
have neglected both aspects of elementary science education. And
that is why we are here.

Mr. PRATT. It is one of the burning questions we are all trying
to face. Unfortunately, I think the dichotomy somewhat expressed
in your question is an unnecessary dichotomy and we would like
not to do an either/or. Inquiry is a powerful learning process of get-
ting to information content and facts, if you will. So they very
much go hand in hand. I would cite a source that I think might
be useful to even read into the record, is that the NRC published
very recently, in the last eighteen months, a report called Taking
Science to School. And in there they cited four major goals for
science education. And they pointed out, Bruce Albertson in a very
recent address to AAAS and in an editorial in Science Magazine
about two months ago pointed out that we only meet one of those,
and the other three are missing in our education. And I will just
cite those for you, quote them.

The first one he says we do a reasonable job of is to know, use,
and interpret scientific explanations of the natural world. That is
sort of the content of science. The other three, and in his address
he put all four of these on the screen and then said, “This is what
we think science education should be,” and then he, the next slide
the last three were x’d out or crossed out, because he said they do
not exist. And I will just cite those for you. To prepare students to
generate and evaluate scientific evidence and explanations. To un-
derstand the nature and development of scientific knowledge. And
to participate productively in scientific practices and discourse. So
we can put labels on that and call it hands on science. We can call
it, as we like to almost today, call it minds on science. It is all a
part of science education. It is all a part of the total education of
citizens of this country with respect to science. So we do not want
to see the either/or. We want to see a combination of the two. And
that is not to downplay the importance of knowledge. It is not to
downplay the importance of facts. Facts have an important role in
the context of larger what we call big ideas and in the larger con-
text of how we learn them and how we apply them.

Mr. MOLLOHAN. You do not want either/or.

Mr. PrRATT. Exactly.
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GOVERNMENT FUNDING

Mr. MOLLOHAN. Where is the—how to combine the two success-
fully? Where is the recommendation to policy makers on how to do
that? Where is the recommendation that as members of Congress,
or state legislators, or the executive branches at the federal and
state levels, where is the how to? And, coming from the experts, if
your policy makers would fashion your programs thusly and fund
them at this rate, you would achieve this balance that would make
science successful from kindergarten through twelfth grade.

Mr. PRATT. Let me start with two or three dimensions. Again,
going back a little bit to my earlier statement about the com-
prehensive, systemic approach to it. I mean, there are several di-
mensions. One is starting with a standard. And if you look at the
current national science education standards, as well as the bench-
marks from AAAS, they address those outcomes, those goals. Un-
fortunately, very few schools, you know, address all four goals. And
one of the reasons for that is the instructional materials, call it
textbooks if you will, in many, many cases do not address that
broad perspective on science education. The curriculum materials
developed with NSF funding literally for the last thirty or forty
years are well tuned to those four goals. They were not always ex-
pressed quite that way. But if you go back and examine those ma-
terials you will find them very supportive. That is the kind of pro-
fessional development to support the use of those materials and
that type of instruction and those broad based goals are what we,
when we say professional development that is what we want to see
in the training of teachers and principals, to go back to a previous
question.

And assessment. One of the problems is the assessments. Part of
it is because of the technology of assessment. And I mean our abil-
ity to write the items, our ability to, you know, to administer them.
The ability to measure those somewhat less fact oriented parts of
the equation are not well developed. But we need to develop better
assessment items or abilities, tools I should say.

Mr. MOLLOHAN. See, when I hear what you are saying I hear you
saying, “It is out there as a study. It is out there as a recommenda-
tion.”

Mr. PRATT. We know how to do it. It is part of the research I al-
luded to earlier from NSF.

Mr. MOLLOHAN. And we know how to do it.

Mr. PRATT. We know how to do it.

Mr. MoOLLOHAN. Well, let me ask the question this way. Is there
any place out there where it is actually happening? A model, an ex-
ample of a school system where they really have done what Mr.
Nye said at the very beginning of his testimony, namely everything
all at once. We are back to this. And then you went through almost
defining the elements of what had to happen in order to do every-
thing at once. I am back to that.

Mr. PRATT. All right.

Mr. MOLLOHAN. Where is it happening? I mean, I think it would
be extremely instructional not only to, at the federal level, but
down to the superintendent level if there were some consensus
about how to and perhaps, and you are saying everybody has these
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recommendations. If there was some consensus which could per-
haps be arrived at more at looking at where it has happened than
hearing about it could happen.

Mr. PrATT. It is always risky to give examples. But I will cite
some school districts, because I am reasonably familiar with some
of the investigation of this. Not as thoroughly as I would like to be.
And this is not necessarily exhaustive, so bear with——

Mr. MOLLOHAN. But do you agree we have to get down——

Mr. PRATT. Oh, yes.

Mr. MOLLOHAN [continuing]. To this in order to implement.

Mr. PRATT. I think if you looked, if you looked across the neigh-
bor, so to speak, at two of your neighbors, Fairfax County in Vir-
ginia and Montgomery County in Maryland.

Mr. MoLLOHAN. Well Mr. Wolf looks at them pretty much all the
time as he represents

GRADE SCHOOL PROGRAMS

Mr. PRATT. You will find some very strong, excellent programs.
At the elementary level, Pasadena, California; Gilbert, Arizona; El
Centro, California in Southern California. A district that is, like, 80
percent under, you know, low economic level students, Title I stu-
dents. Excellent, excellent leadership by a superintendent down
there. They have brought science and literacy education into one
and improved the scores not only in science but in literacy and
mathematics by emphasizing elementary science. I mean, there are
others I could cite. I could even go back to my home district of Jef-
ferson County, Colorado and say you would find some excellent pro-
grams there, particularly in the elementary science, but K-12. So
there are a number of those around.

One of the problems is that you can always find excellent, excel-
lent schools. The challenge to school districts, to the educational
community, is what we call scaling up. How do we really take it
from a few highly qualified teachers using excellent materials
under strong leadership with a principal, and scale that up, if you
will, to every school district, I mean excuse me, every school and
every student in the district. That is the challenge.

Mr. MOLLOHAN. That is a buy-in issue, is it not? I mean that is
a, if you actually have the examples that are applicable in different
circumstances, urban, rural, whatever the different circumstances
you? all would acknowledge or identify, that is a buy-in issue, is it
not?

Mr. PRATT. Well, I am going to go back

Mr. MOLLOHAN. In my, in my, excuse me, and just to get it down
to where I can really relate to your answer. In my state, it would
be getting it down to the county superintendent, really. And then,
in turn, down to the principal. But it would also be, if we are going
to do everything all at once, it would also be getting it into the edu-
cation schools to teach teachers to be inspirational and also fact
training. How do you do that?

Mr. PRATT. Well, as they say that is the $64,000 question.

Mr. MoLLOHAN. Well, that is the question really we are looking
to have an answer to.

Mr. PRATT. You need leadership, to back again. But part of the
problem with leadership, a leader has to be knowledgeable. And a




209

leader has to have some experience. And what we know about buy-
in is that it does not necessarily come up front, pre-implementa-
tion, pre-application. Buy-in comes from carefully thought out ap-
plication of what we have just been talking about, if you will, the
innovation, the quality materials, and a careful, shall we say, ob-
servation and evaluation of those, and seeing the success of those.
That is where buy-in comes. It is when a school district or a prin-
cipal says, “I am going to do this. I am going to support it. I am
going to gauge what happens very carefully.”

And when the success begins to happen, and it does not happen
overnight. Another major flaw in our thinking often is it takes a
matter of years. That is when buy-in comes.

Mr. MOLLOHAN. Mr. Nye.

LEADERSHIP IN COMMUNITY

Mr. NYE. May I ask a question of Mr. Pratt? Those school dis-
tricts you mentioned, have studies been done about the environ-
ment? That is to say, about what goes on in that community? In
Pasadena, for example, you have the Jet Propulsion Lab. And you
have Cal Tech.

Mr. PRATT. More Cal Tech than Jet Propulsion Lab.

Mr. NYE. Well, the one is run by the other. Then in, what was
another example, Montgomery County is the high tech corridor,
there. Fairfax County, a lot of aerospace, and there is a lot of de-
fense contractors. In the case of El Centro, there is a naval station
there, right? And the couple times I have been to El Centro the
Blue Angels are flying around all day. I am not kidding. And so
I wonder if the people in the community who choose to go into the
school system as administrators and teachers, they have to be in-
fluenced by the community that celebrates or embraces science and
technology. So perhaps part of our overall strategy should be to
make sure that every school district is somehow influenced or af-
fected, by a high technology business. I know there is a lot of con-
cern about earmarks, when I was a consultant to the Department
of Justice on a military airplane as an engineer, I noticed that the
pieces for the plane were being made all over the place. And there
may be great value to that. There may be great value to giving
communities a high tech business that affects the school district.
And that has got to be, that has to be susceptible to analysis. Do
we know, do we have information about that?

Mr. PRATT. I am not sure that question has been asked. But the
question about leadership, both at the district level, superintendent
and the curriculum office, as well as local principals. That has been
studied fairly extensively. And so it is clear that leadership makes
a significant difference. And I would, I could probably even cite
names in each of these districts, both at the superintendent, if I,
you know, thought about it well enough. At the superintendent
level as well as the local, what we call the science coordinator level,
the kind of job I had for most of my career. It is that level of lead-
ership.

Now, sure they gain from the nature of the community. We all
know that the community makes a difference. But there are
enough exceptions in that list, El Centro being one of them. I do
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not think the naval base had much if anything to do with the suc-
cess down there.

Mr. MOLLOHAN. Well it would be interesting if you would, for the
record, submit a list of those, and perhaps, obviously, and perhaps
that would be very instructive. And perhaps we could, you know,
follow up and see what is happening in some of those communities.

We often hear when we talk about this, or talk with experts
about this, of successes in community rich, or communities rich in
technology activities, and people who work in those activities. That
those communities, that there is a relationship between the quality
of the math and science education. And that goes along with the
recommendation that it is great to have scientists teaching science.
I do not know what percentage of the country is so blessed, but lots
of places in rural areas are not so blessed. So we have to overcome
that challenge of having the expertise and that attitude in the com-
munity, and that value of science in the community and its edu-
cation, and what it means imported perhaps, or substituted in
these areas that are not in the way I am using this communities
that are rich in technology activities.

MONEY FOR SCIENCE EDUCATION

Mr. NYE. Well, I think we have a real opportunity with the inter-
net. If we make sure that rural schools, rural school districts, have
very good electronic information systems, it certainly seems that
we could export this at very reasonable cost. I mean, this should
be, this should be a straightforward thing to do. There are people,
I am sure, who are experts on how to distribute this information
in an economical way.

Mr. MOLLOHAN. Yes. Let me point out that this Committee in the
stimulus package includes in NTTA $4.7 billion for broadband ex-
pansion into the rural areas. Having provided that funding, it is
another thing for those rural communities to take advantage of
that. Because it is, that is, I wish it were a straight line. It is very
difficult. But we are going to work that issue because we recognize
how important that is.

Well, I am very interested in models or examples of where this
balance has been achieved between what I am referencing as in-
quiry based and content rich class, and how you do that in dif-
ferent academic environments. Let me ask you, we fund NASA,
NIST, and NOAA. All three of them have education programs. We
fund those education programs here at the Committee. And they
often go beyond the traditional classroom setting. We are trying to
fund activities that seek out and prototype, if you will, these bal-
ances. And try to support programs that are taking powerful math
and science into the classroom, and teaching teachers to teach in
that environment. Do you have any comments about the role of
these agencies, or any familiarity with the programs that these
agencies are engaged in in promoting this? And words of support
for those activities by these agencies and consequently our finan-
cially supporting them?

Mr. NYE. Well from personal experience——

Mr. MOLLOHAN. Opportunity to advertise, actually, here, and ad-
vocate.
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Mr. NYE [continuing]. That is a lot of, that is a lot of what NASA
does in its outreach, is talk about how great space exploration is.
And to put it rhetorically, what is not to love about that? One of
the most compelling moments of my life was when a man from
NASA came to my elementary school in Washington, D.C. and
dipped things in liquid oxygen. And then, thank goodness, he set
them on fire. And it was spectacular. It was as though he were
holding rockets in his hand. And I think the reason it made such
an impression on me was he loved what he was doing. He was pas-
sionate about it. So if there are people in these organizations that
are passionate.

My grandmother in order to pay the mortgage on her house took
boarders, people who would rent rooms in her house. And one of
them is a man who is still alive who worked for, at that time, the
National Bureau of Standards. And he would take me upstairs and
show me things through his microscope, astonishing things. Worlds
I had never seen. And the reason that he was so influential on me
is because he loved what he was doing. So if we, if we can declare
that it is okay, or that it is a worthy pursuit of these government
funded organizations that have roles to play in space exploration,
weather monitoring, or climate monitoring, maintaining standards
in scientific excellence around the world starting here, we provide
those people the means to send people, send their people into the
community in informal science. I think that is a, a very small cost
with enormous dividends.

Mr. MOLLOHAN. These agency programs in education, Mr. Pratt?

Mr. PRATT. I have mixed feelings, mixed experience. That means
good and bad, is what I mean by mixed. And the bad is not that
they are low quality. The negative side, first, is that we have some
very serious problems that you and other members of your Com-
mittee have alluded to. Or not alluded to, it has been specifically
addressed. Whether it be poor cities, whether it be low economic,
you know, areas, whether it be underrepresented students, it is the
quality of science at the elementary level, the amount of science.
We have some very serious education, science education problems
in this country. And I do not think they are being squarely ad-
dressed by the—call them mission specific, or agency specific—pro-
grams. That is not to say, you know, we should not fund those and
so I have to be very careful that I do not say that they are mis-
directed. I do not

Mr. MoLLOHAN. We should make them better.

Mr. PRATT. But we should make them better, and we should find
a way, it takes some effort. It involves a combination of educators
and the scientists in NOAA and NASA and NIST, as well as NIH
and others that are not under your purview.

Mr. MoLLOHAN. Well, let us start with your recommendation.

QUALITY OF TEACHERS

Mr. PraTT. Exactly. That is why I spoke about a mile wide and
an inch deep. They are excellent programs but if you look carefully
at them they may not, and usually do not, address specific stand-
ards. And they do not address the school districts, and the quality
of teaching that we should address.

Mr. MoOLLOHAN. Could you give us an example
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Mr. PrRATT. I will give you one example.

Mr. MOLLOHAN [continuing]. Of what you mean and how it can
be related to that? And how these programs could be so directed?

Mr. PRATT. Well, examples can get me into as much trouble as
they can be of value.

Mr. MOLLOHAN. Well, this is your chance to help us.

Mr. PRATT. I know.

Mr. MOLLOHAN. So an example would be helpful.

Mr. PRATT. Two months ago I responded to an announcement
that a group related to NASA and with NASA funding was going
to present an all day Saturday workshop on the Kepler program,
the Kepler mission, which of course, if all goes well, will launch to-
morrow morning. I attended that session at the University of Colo-
rado in some very nice space facilities there. There were three ex-
cellent presenters, workshop leaders, three of them. There were
eighteen of us in attendance. We spent most of the day on some
excellent activities which helped me much better understand some
fundamental astronomy of solar, possible solar systems in the rest
of the universe, and added a little bit of my knowledge of astron-
omy. But if I were a classroom teacher, I would have had, you
know, a poster and a few ideas to take back to my classroom, but
I do not think it would have done me anything fundamentally for
the quality of my teaching, or my knowledge in this particular case
in astronomy.

Now, I understand, and I got excited about, and I will watch the
results of Kepler. And I understood a great deal about the criteria
for the, how do you find a star that might possibly have an actual
planet associated with it.

Mr. MOLLOHAN. I am not understanding your example. I mean,
the population we are trying to target here is K-12 teachers.
We

Mr. PRATT. Now, I was not a teacher, of course, but the people
in attendance were classroom teachers.

Mr. MOLLOHAN. I see, okay.

Mr. PRATT. Middle school, mostly middle school, well there was
one elementary. Middle school and high school teachers.

Mr. MOLLOHAN. Give us an example of where it works well.

Mr. PrRATT. The Explorer program where NASA has moved to. I
mean, after many years, I think, of trying to determine its effec-
tiveness and to some degree measuring its effectiveness, it is my
understanding, having kind of watched and been a slight part of
this——

Mr. MOLLOHAN. Is the Challenger

Mr. PrRATT. I have seen NASA take its money, much of its money,
and say, we are going to sponsor, I do not know what the exact
number is but one or two schools per state and systemically, sys-
tematically to use my terminology again, work with the staff of
that school in order to improve the quality of science teaching in
that school. Now, they will be using NASA personnel when avail-
able. They would be using some NASA materials. But it goes far
beyond that. It addresses the broad issue of the quality of the
teachers, the instructional materials, and possibly even the assess-
ment in those schools.

Mr. MoLLOHAN. Well, that is very helpful. Thank you. Mr. Nye?
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Mr. NYE. So Mr. Pratt, may I ask it this way? You are saying
in the example of the Kepler mission, it took all day but it might
not have been taught, and it promoted space exploration and it pro-
moted NASA. But it might not have been tied to the science stand-
ards. Is that what you are saying?

Mr. PrATT. Well, more specifically not tied that closely to the
needs of classroom teachers.

Mr. NYE. Yes.

Mr. MOLLOHAN. Okay, thank you.

Mr. NYE. So these very well intending people, but somehow com-
ing from within the agency without being tied to the, maybe, na-
tional standards. They are not using the resources as effectively as
we might.

Mr. MoOLLOHAN. Like strategic planning, or relating to some-
thing?

Mr. NYE. But bear in mind, passionate people doing, they are en-
thusiastic about their business.

Mr. MOLLOHAN. Yes.

Mr. NYE. Right.

Mr. MOLLOHAN. There have been accounts in the press, and oth-
erwise we hear of the lack of science and math college degrees
among those teaching those subjects in primary and secondary
schools. And then there is the idea that teaching, good teaching
techniques, a teacher can teach anything. What is the current situ-
ation? And is there a growing trend for teachers to get degrees in
the, majors in the fields that they are going to teach rather than
majoring in education?

Mr. PRATT. Definitely. University education programs in many,
many cases are becoming five year programs. So you assume, you
start with a student with an undergraduate degree, in this case in
science or mathematics, but not restricted to those. And then to
some degree in their senior year, but mostly in a first year fol-
lowing, a first year of graduate school, they would do their edu-
cation courses, do their practice teaching, possibly even do an in-
ternship in a local school district. So I cannot give you stats across
the country but that is definitely the trend. You see some excellent
examples. University of Texas has something called UTeach where
they have a very strong program in that direction.

It is a trend, now. And remember that schools are filled with
teachers who, you know, have been trained previously. So we have
a long ways to go even though we may be, we may be improving
the current state of undergraduate teacher education.

Mr. MOLLOHAN. I had a group of West Virginians, and they are
in the educational community, visit me a couple of months ago with
the, I want to get this right. With the notion that to the extent we
are able to introduce IB courses into high schools we advance the
number of youngsters who go into math and science. And I can see,
obviously, that correlation is obvious. The issue of getting IB
courses in schools that do not have them is another question. But
first I want to ask, Newsweek’s Challenge Index measures the per-
centage of seniors in a school taking AP and IB courses. What com-
mon practices and what common characteristics exist in schools
with the highest percentage of participation in AP and IB schools?
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Mr. PRATT. There are several things. Number one, you have to
have a highly qualified staff.

Mr. MOLLOHAN. Yes.

Mr. PRATT. I mean

Mr. MoLLOHAN. First and foremost, probably.

Mr. PRATT. Yes. To teach college level courses.

Mr. MOLLOHAN. And if you do not have that——

Mr. PRATT. That is right.

Mr. MOLLOHAN [continuing]. Forget it.

Mr. PRATT. And it also means facilities, to echo back to—

Mr. MOLLOHAN. Yes.

Mr. PRATT [continuing]. A previous concern.

Mr. MOLLOHAN. So when you are going around——

Mr. PRATT. You also have to have

Mr. MOLLOHAN [continuing]. Trying to promote that——

Mr. PRATT. You also have to have quality science education at
the previous grade levels so the students are prepared to take, so
they can come into the high school or their latter two years pre-
pared to take these courses. Those are the major ingredients. I
think one other less tangible, and maybe not as well known, is that
many schools are encouraging more students to take these courses
without necessarily forcing them— well, what should I say? With-
out measuring the success of these courses by the number of stu-
dents who get threes or fours and fives on the test, and therefore
quality to be exempt of, in other words, encourage them to take ad-
vanced level courses, IB and AP being the best examples that are
available to most school districts. But saying, we want you to take
this course. We know you may not do quite as well as the very top
students and so we do not want to preselect you because of any
reason. You know, because of the nature of your previous edu-
cation, and so on. So giving more students a chance to show what
they can do by motivating them in these courses, even though they
may not take the, they may not result in the fours and fives. So
being a little careful about assessing the success of these programs
by the number of students who really do test out of college courses.
And saying this is a good experience for many of our students. I
will not say all students. But a much broader audience of students
than in the past.

Now they are, you also need to know that the nature of at least
AP courses are being challenged by a number of folks. And the Col-
lege Board is making some strides in improving the quality of the
courses so that they become more than just content, to go back to
our previous question, just content grinding courses. And that they
become, that they have a broader set of goals for science education,
or physics education, or biology education. So there is a bit of a
backlash. Not so much about the fact that we should not have stu-
dents taking advanced courses, but the nature of the course some-
times are so narrow.

Mr. MoLLOHAN. Well, that does not serve the intended purpose.

Mr. NYE. Well, it is once again, if you are not prepared in ele-
mentary school

Mr. MOLLOHAN. Yes.

Mr. NYE [continuing]. You are not going to do well on the Ad-
vanced Placement test. And yet, a lot of people are taking the Ad-




215

vanced Placement test. There is peer pressure to take it, and there
is pressure on the teacher to take it. But it is not clear that it real-
ly makes you an advanced student.

Mr. MoLLOHAN. Well, thank you all very much for appearing
here today. I just think it has been an excellent hearing. And the
information which we have had the benefit of your providing will
be extremely helpful to the Committee. And perhaps as questions
arise, specifically one thing or another, we can call on you all to
give us direction. It has been a special hearing because of all the
students that were here. So as we express appreciation to you I
want to end on a student question to both of you, each respectively.
And end on an inspiring note.

When and how did you first become inspired? Mr. Nye?

Mr. NYE. I do not remember. It was so long ago.

Mr. MOLLOHAN. That will be disappointing.

Mr. NYE. Let me say a couple things, though. First of all, in the
room today is my older brother. And my older brother came out one
day with a chemistry set, which as I recollect was a Gilbert which
was made by the same company that makes Lionel Trains. Fabu-
lous trains.

Mr. MOLLOHAN. I remember those.

Mr. NYE. Well there is still a whole, Mr. Chairman if you have
extra income that you are trying to dispose of, the toy train indus-
try will be more than happy to help you. With that said, he put
two chemicals in my hand and made a third chemical. And it was
the same chemical that I smelled when my mother cleaned the
windows. Now, this was ammonia.

Mr. MOLLOHAN. Yes.

Mr. NYE. And this was like magic. But I realized even very, very
young, before I had the use of very many words, I realized that he
knew what was going to happen. That with this mixture he could
predict the future. And that to me, that has compelled me my
whole life. And I am almost sure it was the same summer I became
fascinated with bees.

And then another moment that is unforgettable, I had a rubber
band powered airplane, still made. I am not a stockholder or any-
thing, but it is the Sky Streak made by Guillows. They are still
made. And just if you are into this, it has no landing gear so it has
much better thrust to weight ratio. And so I had inferred, watching
fish, that if you were to bend the rudder of this aircraft it would
turn. And not only would it turn, it would bank. That there was
some coupling, as we say in math, between the roll and the yaw.
And so I threw it. And I had lubricated it at my older brother’s in-
struction. I lubricated the rubber band with soap, with dish-
washing detergent. And the thing turned three times. And it came
back to me like a boomerang. Just right to my hand, like in a car-
toon. And I realized that you could make aircraft and steer them,
1arfld you could predict the future. And this, I guess, changed my
ife.

Mr. MoLLOHAN. That is a great answer. Mr. Pratt.

Mr. PrATT. I always want to be in science. I can remember a sec-
ond grade textbook, textbook, it was not hands on science. A text-
book that stirred me. I remember astronomy in the sixth grade,
Bill, when I suddenly realized there was, I could think beyond the
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immediate both time and distance wise. I guess that is one of the
stages you go through.

The real question that I will expand on, or modify your question,
is why did I decide to teach? I went through undergraduate and
had a major in chemistry and physics, one of the few people in the
State of Oklahoma at that particular time. And I was all set to ac-
cept a job that was offered to me without even, without even an
application at the R and D department at Phillips, Phillips Petro-
leum Company in Bartlesville, Oklahoma. And April of my senior
year I was walking down the hall in the science building and the
chemistry professor, my major professor, chemistry professor, came
to me and he said, “Harold, how would you like to teach school
next year?” And I said, “You have got to be kidding.” I said, “You
have got to be kidding.” Why would I do that? And in Oklahoma
that would be half the salary I would get as a chemist. And he
said, “Well,” he said, “I just, you just seemed to be the kind of per-
son that I think would be good in the classroom.” He said, “Why
don’t you come talk to the superintendent?” So he took me down
the hall and introduced me to the superintendent in a small school
called Perry, Oklahoma. 300 kids in a high school. And for what-
ever reason, I decided to teach.

I got married and went, had to do something in the Army to ful-
fill my draft obligation. Came back and landed a job as a chemist
making good money, soft money. I only worked from eight to five,
and I went home, and I could do anything I wanted after five
o’clock. And I had that job for almost two years. And I read one
day, this was in 1959 to be precise. I read one day that the Na-
tional Science Foundation, I hardly even knew who the National
Science Foundation was, was going to fund teacher education
through summer institutes in something called academic year insti-
tutes. And I said, “You know, if the NSF and therefore the govern-
ment is that interested in the quality of science education.” I really,
this was almost the way, the thought that went through. “If they
are that interested in science education then, you know, I think I
will go back into teaching.” And I did. And I found a job in Colo-
rado, which is a little better than Oklahoma as far as pay and
teaching conditions are concerned. And it was one of the best deci-
sions I ever made. Because I took advantage of every opportunity
the NSF provided, both me and my school district, to this very day.
Because I have seen what that kind of money, that kind of support
can do for individuals and can do for school districts.

Mr. MoLLOHAN. Well, thank you both for those inspiring answers
and for your testimony here today. This Committee 1s privileged to
have you appear, and we are benefitted by that testimony.

Mr. PRATT. Well, thank you for the opportunity.

Mr. MOLLOHAN. Thank you both.

Mr. NYE. May I say one more thing?

Mr. MOLLOHAN. Please.

Mr. NYE. Mr. Pratt really reminded me why I wanted to be the
Science Guy. And this is serious. I was working at a company in
Redmond, Washington, which is before Microsoft was in Redmond,
Washington. And I was a young man. I was volunteering as a Big
Brother, United Way Big Brother, and I was also volunteering at
the Pacific Science Center which is, it is like a museum but a
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science center is traditionally a place where you can grab stuff. So
it is a little different business plan. And I was working for people
who were, or seemed to be, obsessed with making a profit every
quarter. This was a big focus. And they were, I guess for no better
word, they were terrified of anything made in Japan. Anything
made in a Japanese company must be inherently better, must have
better patent protection, must be less expensive, must be better for
any customer. And then I got involved in a thing where they were
charging some of my work, and my colleague’s work, to the Space
Shuttle program when it was not really associated with the Space
Shuttle program. And so I decided that I was working at a place
that was really focused on the past. They were focused on the
wrongs that had been done to them and their entitlement rather
than the future. So I quit, October 3, 1986, approximately. And de-
cided to try to influence the future. And I will say by and large it
is very, very rewarding to try to influence the future. And I thank
you again for taking so much time with us this morning and this
afternoon. Thank you.

Mr. MoLLOHAN. Well, thank you for influencing the future and
for, in a very informed way, influencing the Subcommittee. Thank
you both.

Mr. NYE. Thank you.

Mr. MOLLOHAN. The hearing is adjourned.
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Questions for the Record for Harold Pratt

1. What role do professional respect and salary play in recruiting and retaining
those with science and math degrees as K-12 teachers?

Professional respect and salary are two important factors among many when students consider
teaching. A study in Wisconsin of 200 undergraduate STEM students tells us that low pay was a
significant factor but that ability and interest factors, i.e working with kids or whether they
would be good at teaching, was also important.

2. What efforts are being made to have students do science as a key element of
their science classes along with learning fundamental content and
reproducing standard experiments?

Better funded school districts are “doing science” very well. There are some well intentioned
programs and state policies that call for specific amount of inquiry in the schools, but
unfortunately, this not fully actualized in a lot of areas, especially in low income schools. There
is a good deal of professional development for teachers to help them understand and teach
inquiry and National Science Foundation programs which are helping support science
investigations at the elementary level. But we need much better research and funding to help
schools do a better job with this.

3. How well do state science standards that have resulted from No Child Left
Behind cover the full range of science learning, including the ability to
analyze data, reason scientifically, and conduct measurements, and are there
assessment vehicles in place to cover more than science content?

All states have developed science standards, which largely reflect the national science education
standards developed in 1996 by the Nafional Research Council (NRC) and the American
Association for the Advancement of Science (AAAS) Benchmarks for Science Literacy. However,
many state Science standards contain far too many elements. The science curriculum is often so
crowded that in far too many states students are not given enough time to really learn how to
analyze data, to reason scientifically and to conduct measurements. In addition, although states
have similar standards for science education, there are significant differences in when, how, and
what students are expected to learn. Many state science standards are ofien not clear and most
standards are simply not aligned with valid assessments. We must identify a clearly defined set of
national core ideas in science that spell out to all stakeholders exactly what all students are
expected to know and be able to do in science. '

4. If the members of NSTA could have one wish to improve science
education generally, what would it be?
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Our wish would be more funding for professional development for all teachers of science,
including elementary teachers.

5. The advent of college majors following the Civil War reflected the fact that
knowledge had grown to the point where it was no longer possible to
approach college education as an effort to become a renaissance person.
Today, there is certainly more general science content that could be taught
than there is time to teach and learn it. How do you see science education
evolving to the knowledge explosion and the information age along with the
Internet and the growing sophistication and complexity of computer games?

Obviously it is very important for science education and science educators to keep up with the
huge amount of new knowledge and cutting edge technologies and much of this can be done with
ongoing professional development provided to teachers.

Many teachers are also working to extend the typical learning environment and incorporate
technologies that would make it seamless between what Is taught in the classroom and what
students encounter outside the classroom.

Keep in mind that science education is all about helping to develop students’ critical thinking
skills. When students are able to think critically, like a scientist, they can better understand,
process and respond to the new knowledge around them.

6. Critical science issues such as climate change demand understanding that
spans the traditional disciplines of physics, chemistry, and biology; how do
students learn science in an interdisciplinary fashion while gaining a
reasonable command of the traditional disciplines?

Many of the interdisciplinary issues can addressed within the basic disciplines when the content
is closely related to the science of the issue. The solutions to most of the interdisciplinary issues
require fundamental science content so background should be addressed with the basic science
curriculum. This may require some adjustment or revision of the basic science courses. Some
courses, especially in biology and chemistry, already have programs that teach fundamental
science content through the use of community and environmental issues. In addition, many
schools offer seminars and symposiums that cut across more than one discipline, such as science
and social studies, so that the political and social issues can be integrated with the science in
addressing critical issues.
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7. Recruitment and retention of quality teachers is an issue. Improving salaries
is often considered as the solution. However the “quality of a professional
work life” may also be part of the solution. Countries with high TIMS and
PISA scores often have teachers spending significantly less time in the
classroom than their peers in the US. Time is built into their workday for
teacher collaboration, planning, and professional development. Do you see
this type of system fitting into U.S. science educational reform?

Absolutely. NSTA strongly urges every school to build structured collaborations of teachers who
are given time during the school work week to focus on key issues of teaching and learning of
science. With professional learning communities (PLCs) teachers can come together with one
another and other stakeholders such as scientists and researchers at least once a week to review
student work, new instruction, better ways to teach, and advances in science. Studies have shown
that collaboration among teachers result in more innovative practices in teaching. More funding,
more support from administrators to revise school schedules and allow teachers to work
together, and more access to knowledge bases such as higher education are necessary before
these reforms can take place.

8. It is often recommended that K-12 science teachers need to be teaching
science using various best practices (inquiry, problem solving, etc),
however, most teachers are teaching the way they were taught by their
university science professors (i.e., lecture and content heavy). How do we
break that cycle?

To break this cycle we first must change the culture in higher education, especially among
presidents and administrators, so that education is valued as much as scientific research and
publishing at our nation’s colleges and universities. Scientists must focus more on their own
teaching abilities, how students learn, how content is taught, and the technologies that impact
student learning. It is important that we support and build much stronger collaborations between
the faculty at colleges of education and faculty at the colleges of STEM to strengthen teacher
education programs.

Sustained professional development must be provided to in-service teachers to change teaching
behaviors that focus heavily on lecture and rote memorization.

9. What programs and/or school systems have you found that are currently
effective in improving science literacy and achievement for school children?
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There are a number of school districts that have implemented effective programs, usually with
the support of the National Science Foundation via one of the Systemic Initiative (SI) in the late
1990s and early 2000s, or the Mathematics and Science Partnership Programs (MSP) in the
years 2004-09 (for which documentation is available). Inverness Research Associates and other
organizations have evaluated and reported on the success of these K-12 programs. The following
synopsis of a few districts is a small sampling of what has been accomplished.

Gilbert Arizona

The Gilbert School District developed a district-wide elementary science program with the
support of a Local Systemic Change (LSC) grant in 1999. During the next six years the district
drew on the LSC model and other support from knowledgeable districts. In doing so, it evolved
from a few lead teachers piloting new hands-on science kits into a fully implemented district-
wide science program for grades K-6.

Denver Public Schools

The K-12 science education reform effort began in 2004 as a part of a major MSP program at
University of Pittsburgh and University of Wisconsin Madison. Through extensive professional
development of teachers at all levels K-12, coupled with the selection and purchase of inquiry-
based textbooks and kits, the district restructured the curriculum and instruction in virtually
every classroom in the district.

San Diego

The basis of support for the K-12 improvement efforts in the San Diego Unified School District
came from an Urban Systemic Program (USP) funded by the NSF. Under the leadership of the
district science coordinator, with strong support from the superintendent and from the
partnership with the National Academy for Curriculum Leadership at BSCS, the district
developed the capacity to identify, pilot, and implement new innovative instructional materials in
all grade levels.

Seattle

The Seattle Partnership for Inquiry-Based Science was a district-based Local Systemic Change
Project funded by the NSF between 1996 and 2002. The project, which was guided by the
National Science Education Standards, provided a kit-based program for each grade level K-5
and provided extensive professional development for all teachers --approximately 100 hours of
training per teacher over five years. A variety of other supporting elements, such as community
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partnerships, parent events, and a materials center, were put in place to strengthen and to
institutionalize the project.

Portland

Through five years of work the USP in Portland Public Schools developed an “improvement
structure ” for mathematics and science education. It did this by developing a well respected and
experienced leadership team -- a district-wide group of math and science teachers committed to
math and science improvement and a cadre of classroom teachers with vastly improved skills
and knowledge in math and science teaching as well as the skills and knowledge about how to

work together to continuously improve high quality programs and deliver and maintain curricular
materials.
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Student Questions

1. How do you justify funding NASA and space exploration during a war
and economic bust? Why should that still be a priority?

The National Science Teachers Association takes no position on funding for NASA and/or space
exploration. We would like to see increased funding for NASA education programs however.

2. Who is your role model and why?

My role model was my high school science teacher.

3. Do you believe in aliens?
No

4. 1 just graduated from high school last year and was lucky enough to
have the opportunity to participate in a 3-year research program. This
program encouraged me to pursue science policy — much like the
content of this committee. Mr. Nye and Mr. Prait, where do you stand
on research education, its funding, and do either of you anticipate that it
could help create the “passion” discussed so much in this hearing?

Education research is absolutely critical for a number of reasons. First, research gives us
information on how the brain works and how students learn. Valuable research funded by the
National Science Foundation over the past two decades has shown us new ways to effectively
teach science, new curriculum, and new learning tools. Funding for education research should
remain strong so that these innovations can continue. But we also must work harder to get
education research to classroom teachers in a format that they can understand and use it
effectively so that we can help all students achieve.

5. Most specialized funding in science focuses on students who are behind.
Do you think this should remain the focus or should funding go towards
students who are interested in advanced learning?

The National Science Teachers Association mission is to “promote excellence and innovation
in science teaching and learning for all.” We believe that adequate funding should be
provided so that all students, regardless of achievement levels, are provided a world-class
science education.
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6. When and how did you first become “inspired”

I'was first inspired very early on while watching the stars and planets, then later on during an
elementary science class while we were doing some experiments.

7. Our teachers are very passionate about science, but what can you do
about most all of our principals and administrators who don’t get it? 1
think that’s why many teachers don’t stay in the profession.

I agree completely, many school administrators don’t understand what it takes to provide a
quality science education. Lack of administrative support is a big reason that many science
teachers leave the profession. For this to change we need not only teachers but also parents,
business leaders, and the science community to really speak out to principals, superintendents
and school boards and then work together on the reforms needed to ensure students are getting a
quality science education.

8. “Burdensome standards” were mentioned. What good is a standard if it
does not create a burden for a student to meet it?

Students should be challenged in their classes to meet and exceed their state science standards.
When I referred to “burdensome standards” I was referring to the current patchwork system of
50 states with 50 sets of burdensome standards.

Many of these state standards are not always sufficiently clear and specific to provide useful
learning objectives for instruction and assessment. Too many standards result in curricula
covering too many topics in too little time. In addition, the lack of coherent standards often leads
to a fragmented curriculum that fails to build knowledge and skills from year to year. To
address this challenge NSTA is leading an effort called Science Anchors, which will bring
greater focus, clarity, and coherence to science education. Science Anchors will serve as a
model for K—12 science education standards that draws from current national standards
documents (Benchmarks for Science Literacy and National Science Education Standards) but
would be more streamlined and focused than the current documents. Content in the science
disciplines would be organized around a small number of big ideas that develop over the K—12
span, and crosscuiting concepts and skills that would unite the disciplines in a deep, meaningful
way. Attention would be given to the number of concepts and skills students would be expected to
acquire each year so learning goals are realistic for students and manageable by teachers.
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OPENING STATEMENT BY CHAIRMAN MOLLOHAN

Mr. MOLLOHAN. The hearing will come to order. Mr. Wolf is tied
up in a meeting right now. He will be here momentarily, but he
has asked that we go ahead. So we will do that by welcoming our
distinguished witness today, Mr. Norm Augustine. Welcome back.

Mr. AUGUSTINE. Thank you.

Mr. MOLLOHAN. It is a pleasure to have you back as a witness
before this Subcommittee. This week we have been taking testi-
mony on the state of science in the United States, and roles of four
research agencies in our jurisdiction, NASA, NSF, NOAA, and
NIST, in the overall science enterprise. This morning we gained in-
sight into K through 12 science education and science teacher prep-
aration.

Following the issuance of the “Rising Above the Gathering
Storm” report there has been a bipartisan effort to double the fiscal
year 2006 funding of NSF, NIST, and the Department of Energy
Office of Science over ten years. The report recommended 10 per-
cent per year increases for these agencies. The stimulus funding
provided in the American Recovery and Reinvestment Act of 2009
increased fiscal year 2009 funding for NSF by roughly 50 percent
and for NIST by almost 70 percent, while NASA science received
a boost of about 8 percent, and NOAA received about 20 percent
of its annual total.

In two of our earlier hearings we have heard of the important
contributions of NASA and NOAA to the overall science enterprise,
particularly in the physical and Earth sciences. Balancing funding
for these four agencies is a major element of our Subcommittee re-
sponsibilities. Now we want to check on how well federal funding
and policy are addressing the recommendations contained in the
“Rising Above the Gathering Storm” report, and to hear from the
principal author of the report. Welcome, Mr. Augustine.

Your written testimony will be made part of the record, and I see
that you are prepared to make oral comments. So if you will pro-
ceed, and welcome again.

Mr. AUGUSTINE. Well, thank you, Mr. Chairman, and thank you
for this opportunity to appear. I should correct the record. I suspect
that you gave me more credit than I deserve. There were twenty
of us that worked on “ The Gathering Storm” report. I was one of
those twenty, although I did of course chair it.

(225)
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The status of “The Gathering Storm” report is the subject of
some complexity because of the number and the variety of rec-
ommendations that were made. You and the Committee, I am sure,
are well aware that the report was requested by a bipartisan group
from both the House and the Senate. There were, as I have noted,
twenty of us on the Committee that performed the report for the
National Academies of Science and Engineering and the Institute
of Medicine. The committee included university presidents, CEOs,
former presidential appointees, several Nobel Laureates, K through
12 educators, and so on. I am proud to say that two of our mem-
bers are now serving in the President’s cabinet.

If this hearing were to have taken place just two months ago, 1
could have easily answered the question of what has happened
since “ The Gathering Storm” report was written. I could have re-
ported to you that a new graduate university has been founded
with an opening day endowment that equals that which took MIT
142 years to build. I could have reported that 200,000 students
were studying abroad, mostly on government funding, mostly in
science and technology. Or that a short term 25 percent increase
in R and D funding is underway. Or that a program was underway
to make the country a nanotechnology hub, a global nanotechnol-
ogy hub. Or that an additional $10 billion was being allocated to
K through 12 education, or an additional $3 billion to the current
effort on research.

If I had done that I would have had to tell you that those actions
were being taken by Saudi Arabia, China, the U.K., India, Brazil,
and Russia, respectively.

In the U.S. during that same period of time one of our national
labs putting its research staff and other staff on a mandatory two
day a month unpaid furloughs. Another one of our national labs
began laying people off altogether. Our nation’s contribution to the
international program in nuclear fusion was reduced to what was
called by DOE a “survival mode”. Industry continued to spend
three times as much on litigation as it did on research. And I
would suspect many would be scientists and engineers, young peo-
ple, were reconsidering their career plans.

Fortunately your hearing is today and not two months ago. The
stimulus legislation, I believe, will have an enormous positive im-
pact in the areas of research, science, and education. I would like
in the time that has been allotted to me to quickly summarize the
two most recent status reports that have come out with regard to
these two key areas, one being education and one being science, in-
novation and engineering as a package.

The one that refers to education is the PISA report. I can never
remember what that stands for but it is Programme in Inter-
national Studies in something. They conduct standardized exami-
nations at several grade levels in thirty different countries. The re-
sults were released about three months ago. The Washington Post
described them as showing that we were stagnating in science. But
there was one bright spot, which was fourth grade mathematics.
Putting aside the fact that not many corporations hire fourth grad-
ers, there is another significant issue here if one does a little math-
ematics of their own. My calculations show that if we continue to
“jump forward”, to use the Post’s words, at the pace we have the
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last ten years, we will catch up, for example, with Hong Kong in
just eighty-five more years, assuming they do not get any better.
Clearly we are on a path that is not going to be adequate in terms
of educating our people in math and science.

The second study was conducted by the Information Technology
and Innovation Foundation. Its results were just released. They
studied forty countries and have dropped the U.S. to sixth place in
its innovation capabilities. But more importantly, when they looked
at the last decade and ranked Nations according to the progress
made during that decade, the U.S. ranked fortieth, dead last.

I would like as a final comment to make a personal suggestion,
not part of “ The Gathering Storm” report. It stems from the fact
that there are about 15,000 independent, with emphasis on “inde-
pendent”, school districts in this country. As I have traveled around
some of those schools, both in this country and in many other coun-
tries, I have been struck by the fact that there are some truly
bright spots. Here and there you find people who are really doing
things right. It would seem to me that it would be helpful to take
some of the suggestions that have been posed and to disseminate
them broadly so that they could be replicated. To do so I think it
would be useful if the Congress and the President were to appoint
a commission, involving educators, but not headed by an educator,
to survey what are best practices? What are those bright spots in
the U.S. and abroad? What are their ingredients, how can we rep-
licate them? And what are the common features that they have?
This is something that each individual district cannot reasonably
do. But they could certainly benefit from it.

Mr. Chairman, that concludes what I had to say in my opening
remarks. I would be happy to take questions.

[Written testimony of Norman R. Augustine follows:]
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Mr. Chairman and members of the Committee:

Thank you for this opportunity to appear before you to discuss what has taken place since
the national Academies first released the document which has come to be known as the
“Gathering Storm” report, after the first line in its title. It was my privilege to appear before your
committee previously to provide a “One Year Later” update as to the impact of that report;
hence, my comments today are in effect a “Three Years Later” update.

The National Academies—the Academy of Science, the Academy of Engineering and the
Institute of Medicine—trace their origins to the establishment of the National Academy of
Science by President Lincoln and the Congress with the objective of providing independent
advice to the nation and its leaders on matters within the Academies’ fields of expertise. The
Gathering Storm committee was created by the Academies in response to a bipartisan request by
members of both the House of Representatives and the Senate. Our committee consisted of
twenty members including university presidents, corporate CEO’s, Nobel Laureates, K-12
educators and former Presidential appointees. We are proud that two of our members are now
serving in President Obama’s Cabinet.

As you are aware, the overall findings of the Gathering Storm committee were given strong
bipartisan support in both the House and Senate and by President Bush and now by President
Obama. I suppose I could report that much was accomplished during the first two years after the
Gathering Storm report was published. A new research university was established with an
opening day endowment equal to MIT’s after 142 years. Each year, over 200,000 students
studied abroad, mostly pursing science or engineering degrees, often under government-provided
scholarships. Government investment in R&D began a 25 percent increase. An initiative was
funded to make the country a global nanotechnology hub. An additional $10 billion was
budgeted for K-12 education, with emphasis on math and science. And a $3 billion add-on to the
nation’s research budget was announced.

These actions took place in Saudi Arabia, China, the United Kingdom, India, Brazil, and
Russia, respectively.

‘What about the United States? After Congress overwhelmingly authorized many of The
Gathering Storm’s recommendations, the needed funds to implement them were not
appropriated. As a result, one leading national laboratory began to impose mandatory two-day-~
per-month “unpaid holidays” on its science staff; several laboratories began laying off
researchers, the U.S. portion of the international program to develop plentiful energy through
nuclear fusion was reduced to “survival mode,” America’s firms continued to spend three times
more on litigation than research; and many young would-be scientists presumably began
reconsidering their careers. Fortunately, some of these adverse consequences were later curtailed
by budgetary actions in the Supplemental Legislation, but few steps forward were taken.

Were today’s hearing to have taken place two months ago I am afraid that what I have just
reported would have been the essence of what I had to say—although it should be noted that a
number of states have initiated “Gathering Storm efforts” of their own—albeit at a much smaller
scale than is ultimately going to be needed at the national level.
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With the recent passage of the stimulus package the so-called “shovel ready” rebuilding of
the nation’s physical infrastructure was accompanied by funding to begin the repair of a number
of structural problems in our nation’s economy-——most notably in education and scientific
research. While the National Academies has not, to the best of my knowledge, undertaken any
specific studies of the impact of the near-term investments in the nation’s physical infrastructure,
the investments in science and education generally reflect Gathering Storm proposals and,
properly executed, can be expected to have a very positive and lasting effect,

But three major challenges still remain insofar as the Gathering Storm recommendations
are concered. First, if the nation’s K-12 education system is to be repaired and our basic
research program is to be productive, sustained funding will be required—not simply a one-time
injection. In fact, were the latter to be the case, the result might even prove to be
counterproductive. Second, the shortage of K-12 science and mathematics teachers with primary
degrees in the fields they teach remains to be adequately addressed. And third, the nation’s
science and engineering cadre and its education community must now produce results that justify
the funds which are being entrusted to them.

1t is perhaps appropriate at this point to note why the Gathering Storm committee placed
such great emphasis on science and engineering, including the related endeavors of research and
education. The reason is that while scientists and engineers comprise only four percent of the
nation’s workforce, they disproportionately create jobs for the other 96 percent...and jobs for all
citizens is what the Academies report was really about. Numerous other studies have shown that
over the last half-century between 50 and 85 percent of the growth in the Gross Domestic
Product is atiributable to advancements in science and engineering. In the current century, the
Knowledge Century, this effect is likely to be even more prominent.

Other witnesses have, I understand, been requested to provide an assessment of the health
of our nation’s science and engineering enterprise. In this regard I would simply note that it was
the unanimous view of the members of the national Academies Gathering Storm committee that
the United States is perilously close to falling decisively behind other nations in key areas of
science and engineering.. U.S. industry, generally reluctantly, has found a means of avoiding the
consequences of such a trend; namely, establishing its research centers outside the United States.
It is to be expected that engineering, prototyping, pre-production and production activities—and
the jobs that accompany them—will then follow this pattern unless specific actions are taken to
the contrary.

In closing I believe it is appropriate to take note of what are perhaps the two most recent
studies bearing on America’s evolving position with regard to the key ingredients of 21* century
competitiveness: education and innovation. With respect to the former, America of course has
some ouistanding schools, teachers, administrators, and students—but overall, by global
standards, we are failing our children...and failing them abysmally. In international tests in math
and science, U.S. students invariably rank near the very bottom of the global class. The
Washington Post summarized the results of the most recent 30-nation International Program for
Student Assessment, observing that achievement in science is essentially stagnating, but that
there is one bright spot: fourth grade math—where America “jumped” ahead. Unfortunately,
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most firms do not hire fourth graders, but were the media a bit more adept at math itself it would
have calculated that at our rate of “jumping ahead” we will catch up with the students of Hong
Kong in a mere 85 years...assuming, of course, that the children of Hong Kong don’t get any
better in the meantime.

Tuming to innovation, the Information Technology and Innovation Foundation just
released its most recent assessment of innovation and competitiveness in which it dropped the
U.S. to sixth place among the 40 nations considered in its assessment. As if to punctuate the
observation, it concluded that in terms of progress over the most recent decade, America is in last
place.

In summary, the recent legislative steps affecting the funding of science and education
are very constructive indeed...but as I have noted, much remains to be accomplished. When it
comes to competitiveness for 21% centur y jobs, we are engaged not in a spring but in an
endurance race.

Thank you for permitting me to appear before you today.



232

NORMAN R. AUGUSTINE was raised in Colorado and attended Princeton University where he
graduated with a BSE in Aeronautical Engineering, magna cum laude, and an MSE. He was
elected to Phi Beta Kappa, Tau Beta Pi and Sigma Xi.

In 1958 he joined the Douglas Aircraft Company in California where he worked as a Research
Engineer, Program Manager and Chief Engineer. Beginning in 1965, he served in the Office of
the Secretary of Defense as Assistant Director of Defense Research and Engineering. He joined
LTV Missiles and Space Company in 1970, serving as Vice President, Advanced Programs and
Marketing. In 1973 he returned to the government as Assistant Secretary of the Army and in
1975 became Under Secretary of the Army, and later Acting Secretary of the Army. Joining
Martin Marietta Corporation in 1977 as Vice President of Technical Operations, he was elected as
CEO in 1987 and chairman in 1988, having previously been President and COO. He served as
president of Lockheed Martin Cofporation upon the formation of that company in 1995, and
became CEO later that year. He retired as chairman and CEO of Lockheed Martin in August
1997, at which time he became a Lecturer with the Rank of Professor on the faculty of Princeton
University where he served until July 1999,

Mr. Augustine was Chairman and Principal Officer of the American Red Cross for nine years,
Chairman of the National Academy of Engineering, President and Chairman of the Association of
the United States Army, Chairman of the Aerospace Industries Association, and Chairman of the
Defense Science Board. He is a former President of the American Institute of Aeronautics and
Astronautics and the Boy Scouts of America. He is a current or former member of the Board of
Directors of ConocoPhillips, Black & Decker, Proctor & Gamble and Lockheed Martin, and was
a member of the Board of Trustees of Colonial Williamsburg. He is a Regent of the University
System of Maryland, Trustee Emeritus of Johns Hopkins and a former member of the Board of
Trustees of Princeton and MIT. He is a member of the Advisory Board to the Department of
Homeland Security, was a member of the Hart/Rudman Commission on National Security, and
has served for 16 years on the President’s Council of Advisors on Science and Technology. He is
a member of the American Philosophical Society and the Council on Foreign Affairs, and is a
Fellow of the National Academy of Arts and Sciences and the Explorers Club.

Mr. Augustine has been presented the National Medal of Technology by the President of the
United States and received the Joint Chiefs of Staff Distinguished Public Service Award. He has
five times received the Department of Defense's highest civilian decoration, the Distinguished
Service Medal. He is co-author of The Defense Revolution and Shakespeare In Charge and
author of Augustine’s Laws and Augustine's Travels. He holds 23 honorary degrees and was
selected by Who’s Who in America and the Library of Congress as one of “Fifty Great
Americans” on the occasion of Who’s Who’s fiftieth anniversary. He has traveled in over 100
countries and stood on both the North and South Poles of the earth.

(Rev: July 2008) .
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CRAIG BARRETT [NAE)] is chairman of the Board of the Intel Corporation.

GAIL CASSELL [IOM*] is vice president for scientific affairs and a Distinguished Lilly Research
Scholar for Infectious Diseases at Eli Lilly and Company.

STEVEN CHU [NAS*] is the director of the E.O. Lawrence Berkeley National Laboratory. He was a
cowinner of the Nobel prize in physics in 1997.

ROBERT GATES is the president of Texas A&M University and served as Director of Central
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NANCY GRASMICK is the Maryland state superintendent of schools.
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Department of Defense and was vice-chair of the National Science Board.
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RICHARD LEVIN is president of Yale University and the Frederick William Beinecke Professor of
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Institute Professor of Engineering,

CHERRY MURRAY [NAS/NAE] is the deputy director for science and technology at Lawrence
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Technologies.

PETER O’DONNELL JR. is president of the O'Donnell Foundation of Dallas, a private foundation that
develops and funds model programs designed to strengthen engineering and science education and
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research at Cornell University. He was a cowinner of the Nobel prize in physics in 1996.
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GATHERING STORM RECOMMENDATIONS

Science

Increase federal investment in research by 10 percent per year over the next seven
years, with primary attention devoted to the physical sciences, engineering,
mathematics, and information sciences—without disinvesting in the biological
sciences.

Provide research grants to early career researchers

Institute a National Coordination Office for Research Infrastructure to oversee the
investment of an additional $500M per year for five years for advanced research
facilities and equipment.

Allocate at least 8% of the existing budgets of federal research agencies to
discretionary funding under the control of local laboratory directors.

Create of an Advanced Research Projects Agency—Energy (ARPA-E), modeled after
DARPA in the Department of Defense, reporting to the Department of Energy
Undersecretary for Science. The purpose of this entity would be to support the
conduct of long-term “out-of-the-box,” transformational, generic, energy research by
universities, industry and government laboratories.

Education

Establish 25,000 competitive science, mathematics, engineering, and technology
undergraduate scholarships and 5,000 graduate fellowships in areas of national need
for US citizens pursuing study at US universities.

Establish a Presidential Innovation Award to recognize and stimulate scientific and
engineering advances in the national interest.

Provide a federal tax credit to employers to encourage their support of continuing
education. '

Provide a one-year automatic visa extension to international students who receive a
science or engineering doctorate at a U.S. university and meet normal security
requirements, and providing automatic work permits and expedited residence status if
these students are offered employment in the US.

Institute a skill-based, preferential immigration option

Reform the current system of “deemed exports” so that international students and
researchers have access to necessary non-classified information or research
equipment while studying and working in the US.
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VIEWS ON COMPETITIVENESS

“We’re standing pat while the rest of the world is passing us by. If we continue
on this path, our chances of being the leader in the knowledge economy in the
decades to come are between slim and none.”

William E. Kirwan — Chancellor, University System of Maryland

Writing about attending graduation at Rensselaer: “The foreign names kept
coming—‘Hong Lu, Ku Xie, Tao Yuan, Fu Tang’—I thought the entire class of
doctoral students in physics were going to be Chinese, until ‘Paul Shane Morrow’
saved the day...my complaint...was that there wasn’t someone from the
Immigration and Naturalization Service (there) stapling green cards to the
diplomas of each of the foreign-born PhDs.”

Thomas L. Friedman — Author, “The World Is Flat...”

“If the U.S. doesn’t get its act together, DuPont is going to go to the countries that

do.”
Chad Holliday — CEO, DuPont

“If companies were run like many (K-12) education systems, they wouldn’t last a

week.”
Thomas Donohue — President, U.S. Chamber of Commerce

“We're well on our way to becoming America, the land of the free and the home

of the unemployed.”
Norman R. Augustine — Retired Chairman & CEQ, Lockheed Martin Corp.

“When I compare our high schools to what I see when I'm traveling abroad, ’'m
terrified for our workforce of tomorrow.”
Bill Gates — Founder, Microsoft Corp.

“If you don’t solve (the K-12 education problem), nothing else is going to matter
all that much.”
Alan Greenspan — Chairman, Federal Reserve

“We go where the smart people are. Now our business operations are two-thirds
in the U.S. and one-third overseas. But that ratio will flip over (in) the next ten
years.”

Howard High — Spokesperson, Intel Corp.
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“We had more sports exercise majors graduate'tha.n electrical engineering grads
last year. If you want to be the massage capital of the world you’re well on the
way.”

Jeffrey R. Immelt — Chairman, CEO, General Electric

(Speaking in Washington, DC})

“Where nations once measured their strength by the size of their armies and
arsenals, in the world of the future knowledge will matter most.”
Bill Clinton — President of the United States

“We as a country have chosen not to compete... we've killed investment banking
and now we are killing engineering...it’s our future and we are throwing it down
the drain.”

Craig Barrett -CEO, Intel Corp.

“,..in today’s integrated and digitized global market, where knowledge and
innovation tools are so widely distributed...: Whatever can be done, will be done.
The only question is will it be done by you or to you.”

Thomas L. Friedman — Author, “The World Is Flat...”

“It’s not just that kids need to go to school, they need to learn in school.”
Emiliana Vegas — World Bank

“Where is Sputnik when we need it?”
Bill Gates - Founder, Microsoft Corp.

“Will America lead...and reap the rewards? Or will we surrender that advantage
to other countries with clearer vision?”
Susan Hockfield — President, MIT

*,..our present crisis is not just a financial meltdown crying out for a cash
injection. We are in much deeper trouble. In fact, we as a country have become
General Motors—as a result of our national drift. Look in the mirror: G.M. is
us.”

Thomas L. Friedman — Author, “The World Is Flat...”

(The way to move forward is) “through science, science, science, and science,
with science and technology to rebuild our infrastructure, make it green and
reduce our dependence on foreign oil, to use science for innovation, to grow our
economy, creating good paying jobs, educating people to be competitive, science
to make America healthy, and science to preserve the planet by stopping global
warming, and science to protect the American people.”

Nancy Pelosi — Speaker of the House of Representatives
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“If we spend one trillion dollars on a stimulus and just get better highways and
bridges-—and not a new Google, Apple, Intel or Microsoft—your kids will thank
you for making it so much easier for them to commute to the unemployment

office ... ©
Thomas L. Friedman — Author, “The World Is Flat...”

“The future of our nation and people depends not on just how well we educate
our children generally, but on how well we educate them in mathematics and
science specifically.”

Senator John Glenn

“Technology has been paying the bills in this country...we’re killing the goose
that laid the golden eggs.”
Stan Williams, Senior Fellow, HP

“It must gall them to see bright, aspiring scientists starved of funding while
Detroit gets rewarded for its stupidity.”
Daniel Lyons, Newsweek

“Providing short-term rescue packages to the economy without simultaneously
fixing its fundamental problems, such as education and investment in research, is
like feeding a candy bar to a diabetic.”

Norman R. Augustine, Chairman, National Academies Competitiveness Study

“Every day, our econdmy gets sicker—and the time for a remedy that puts
Americans back to work, jump-starts our economy and invests in lasting growth is
now.”

Barack Obama, President of the United States
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Mr. MoLLOHAN. Well, what was the bright spot?

Mr. AUGUSTINE. The bright spot was fourth grade arithmetic,
where we improved.

Mr. MOLLOHAN. And is that by way of emphasizing all of the
unbright spots?

Mr. AUGUSTINE. I think that is what the media was doing, yes.

SCIENCE AND EDUCATION

Mr. MoOLLOHAN. Well, that is a bright spot because that is the
grade that some of the witnesses have identified as the point where
interest in science and math drops off unless it is strategically nur-
tured from that point forward. So at least we have a good point,
or a trending toward a good point, to pick up and to think about.

Well let me ask you if there are any bright spots with regard to
NSF and maybe NIST, and the Department of Energy Office of
Science, those three agencies that were targeted for doubling. And
I think we, just recently with the stimulus package, assisted in
that goal. Are you able to comment specifically on the trend lines
ir}l1 tl;ose agencies? And are there any positive signs coming out of
that?

NATIONAL SCIENCE FOUNDATION

Mr. AUGUSTINE. I think there are. I think, for example, that NSF
is truly a national asset. The things that make NSF particularly
strong, in my judgment, include the fact that a good part of its staff
comes in for a few years, contributes, then leaves—and then a re-
freshed staff comes in. I think it is particularly important at NSF
that they rely heavily upon peer review for their grants. I have
been amazed at NSF’s ability to tackle a diversity of challenges.
You may recall, Mr. Chairman, some years ago, I guess eight or
nine years ago, I chaired the Commission on Antarctica, where it
was decided to build a new station at South Pole, this is an incred-
ibly difficult logistics undertaking . . . sort of the last thing I
would expect an organization of scientists to be good at. And they
did, in my judgment, a marvelous job. I think there are many
bright spots, both in terms of management capability and in terms
of NSF’s use of funds.

I think that other agencies also have their bright spots as well.
One of the brightest is a potential one at DOE, ARPA-E, which of
course your bill has funded, and I think will fill an important need
if it is properly implemented. The latter is important. We learned
a lot of lessons with ARPA and what made it, or DARPA, what
made it successful. Hopefully we can apply those same lessons at
ARPA-E. I believe Secretary Chu is well qualified to do just that.

I think you mentioned NIST. Of course, NIST is renowned for its
expertise 1n the specific areas with which it deals.

Perhaps I should mention at this point that the National Acad-
emy study sought to find a centerpiece to bring together the var-
ious recommendations it made. We wanted to find a centerpiece
that permeated the many issues that affect our country. A center-
piece was extremely important; a centerpiece that resided in the
area of principle concern. In our view, that was the physical
sciences, engineering and mathematics . . . Just as, for example,
the Manhattan Project in World War II, or the Apollo project after
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Sputnik. We chose energy as our centerpiece. In so doing it was not
that we thought the NIH or NASA or the DOD or NIST were less
important. It was just that they did not happen to directly fit our
particular centerpiece. So we just did not talk much at all about
them. I should emphasize that point.

THE GATHERING STORM REPORT

Mr. MOLLOHAN. Well, talk about that a little more. Dr. Cicerone
when we asked him why NASA science and NOAA science were not
included in “ The Gathering Storm” report, his notion of it, without
going into any detail, was that the report was of high quality but
quickly done and felt that perhaps those accounts just were not
looked at. Is that the case? Or tell us why science in those agencies
was not addressed?

Mr. AUGUSTINE. I think that is certainly part of the explanation.
I hesitated to mention that factor because it sounds like an excuse,
sitting where I sit today and having had responsibility for “The
Gathering Storm” report.

Mr. MoLLOHAN. Well, I do not want you to misunderstand. Be-
lieve me, Dr. Cicerone had nothing but praise for “ The Gathering
Storm” report. But he was just thinking that, maybe that was the
direction understood to go, and in the time frame that is the direc-
tion you went.

Mr. AUGUSTINE. Yes. We found ourselves with ninety days to do
the report.

Mr. MOLLOHAN. Yes, and that is the point.

Mr. AUGUSTINE. Which frankly we welcomed because we all had
other things we had to do in life. Also, we thought that if you can-
HOt get ideas in ninety days you are not likely to get them in 900

ays.

Mr. MOLLOHAN. Yes.

Mr. AUGUSTINE. So we were very comfortable with that notion.
The available time was certainly a factor. We did not have time to
fill out the entire pattern. But in my mind the more significant
thing was that we tried to pick a centerpiece, we picked energy.
DOD, and to some extent NIST and NOAA and NASA, although
}]Sagliang some connection, it is nowhere near as direct as NSF and

SCIENCE ISSUES AT AGENCIES

Mr. MoLLOHAN. Well, let us talk about science, if we might, just
in these agencies. The stimulus package does give them a shot in
the arm, so to speak. And for those that are the subject of your re-
port, I think the stimulus pretty well put them back on a ten-year
track where they were before. Is that enough? I mean, are we doing
in NSF and NIST what should be the baseline upon which we con-
sider future increases? There have been some who have indicated
you need to be careful with that. You need to be careful it is not
ramping up too quickly, and they cite NIH. That ramping up too
quickly creates instability in the, and ups and downs cause prob-
lems that ripple through those programs. So we are looking for bal-
ance. And if you cannot do it in specific numbers or percentages,
maybe you can talk to the issue of balance generally. And if you
can talk with us specifically, that would be great in regard to NSF
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and NIST, and indeed the Department of Energy, although we do
not fund it.

Mr. AUGUSTINE. It is an important issue. We compared the in-
vestment in this country with investments in other countries in
science using many different measures. Unfortunately many of
these are input measures, although we also looked at a few output
measures. The input measures we looked at included percentage of
the GDP, which is a particularly important measure because it
gives an indication of what you have to support, how big the train
is that this engine has to pull. Investment per individual, per cap-
ita; investment in absolute terms. We looked at trends within this
country of spending. The conclusion we arrived at was that for at
least five years it would be appropriate to spend at the maximum
rate at which we could spend efficiently. At the end of five years,
stop, take a look at what we got for our investment. Also look
ahead and see what others have done and what the requirements
might be.

So the question boiled down to, “what can you spend efficiently?”
This is not without controversy. But as we looked at our academic
system, including the number of researchers available in key areas,
the facilities available, and most importantly, the overall ability to
efficiently absorb and manage fund increases. There is certainly
some level that there will be waste. We saw the NIH’s efforts had
taken five years. That is about 14, 13 percent increase a year. So
we proposed 7 years, which is about 10 percent a year. That looked
to us to be an appropriate round number. It may be eight, it may
be twelve, I candidly would not know. But it is like 10 percent.

Mr. MOLLOHAN. I see.

Mr. AUGUSTINE. We felt that amount could be efficiently spent.
We said, set out for seven years, but spend at the maximum rate
that you could efficiently spend at, then stop and take stock of
where we are.

Mr. MOLLOHAN. So we are a couple of years from that point, al-
though we are continuously taking stock of that.

Mr. AUGUSTINE. Yes. Obviously you would need to be assessing
each year how things are going. But we are several years away
from any assessment because during the first two years we did not
accomplish much—to be very candid.

Mr. MOLLOHAN. After the hearing started Mr. Aderholt was the
first person in the room. Mr. Aderholt.

Mr. ADERHOLT. Yeah, I just stepped out. Go ahead and recog-
nize

Mr. MOLLOHAN. Okay. Mr. Honda.

Mr. HONDA. Thank you, Mr. Chairman. Welcome back.

Mr. AUGUSTINE. Thank you.

SCIENCE EDUCATION

Mr. HONDA. You know, the last time you were here we were dis-
cussing the issues that were brought out by your work on “ Above
the Gathering Storm.” And in your written testimony here, this is
the third year post-report. A couple of years ago you said that there
was no changes that were evident in the outcomes of student
achievement between “ Gathering Storm” and “ Nation at Risk.”
And so that started me to think. But at that meeting I also asked
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you a question about innovation relative to education, and here in
your concluding paragraph you said there are a couple of things
that the two most recent studies bearing on America’s evolving po-
sition with regard to key ingredients of the 21st century, competi-
tiveness, education, and innovation. Now I asked you the question,
how difficult would it be to teach innovation? You and the other
person that was with you sort of said, “ Well, it is pretty difficult
because it is something that is innate in folks.” Do you still hold
that opinion?

Mr. AUGUSTINE. I still hold that opinion. It is difficult to teach
innovation, Mr. Honda. But I think that an environment can be
created where students could learn it. And I believe one can pro-
mote that learning, which I guess is called teaching. But in terms
of just laying down a set of rules, which I have actually tried to
do, that you should follow is inadequate. Innovation requires more
than that. I think it requires experience. It also requires an edu-
cational curriculum that permits creativity. For example, I have
visited schools in both Singapore and the People’s Republic of
China. They too are concerned that their educational systems,
which by most measures are as fine as you can get. They are con-
cerned that they do not provide for innovation, for initiative, for
creativity. And they are trying to do something about it.

Mr. HONDA. Right.

Mr. AUGUSTINE. When you try to promote innovation it means
proposing challenges to a person that they have to meet. It means
permitting them to fail occasionally, and not to have the punish-
ment for failure be inordinate.

Mr. HoNDA. Okay.

Mr. AUGUSTINE. It has to encourage people to take risks.

Mr. HoNDA. Okay.

Mr. AUGUSTINE. To think out of the box.

Mr. HoNDA. Okay.

Mr. AUGUSTINE. And, when someone comes up with an idea that
is contrary to the accepted belief, if they are roundly criticized for
that they are not likely to be very good innovators. It takes a nur-
turing environment.

Mr. HONDA. But you just introduced about five or six teachable
kinds of behavior, and that you can create an environment so that
you can observe this creativity. And it seems to me that when I
visit the high tech offices in IBM and Lockheed Martin, and you
look on the walls you have all your engineers that have an expres-
sion of all the number of patents that they have. Most of them
have one or two. Some do not have any. But every once in a while
you have spikes. Now, one would conclude that they must be pretty
creative, thoughtful, innovative. And it would seem to me that one
could talk to them and ask them questions and sort of elicit the
kinds of insights they may have, and then take this and convert
that into, maybe I should not say instruction material, but, incor-
porate that into instruction so the youngsters will be encouraged
to be creative. It is like asking youngsters, so what will the world
be like if your eyeballs were at the end of your fingertips? How
would things change? And my students would say, well, I cannot
pick my nose or I will not be able to see. Or I could wait for girls
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and just do this around the corner. But that is another way of
thinking.

So for a person like yourself it seems to me that one would sort
of look for other people that would help us go through this initia-
tive looking at innovation, and then find ways to do that. Because
if innovation is key to competitiveness, and you can recognize it,
it seems to me we should be able to distill it into discrete kinds
of environments or behavior that can be replicated in the classroom
so that we can have youngsters practice it. We say we want critical
thinkers. How do we know we have critical thinkers? It is the way
they think and they ask questions. And so I would ask that you,
you know, sort of cogitate that again because I think that this is
one of the key things that we need to look at in order to, you know,
close that gap that we are all looking at.

My last question, Mr. Chairman, would be this. How would you
define the term equity in the context of public education? And what
would it look like for each child? If we are assessing youngsters
with assessment tools, and then we are judging whether they are
successful or failures, if we do not do it right in the beginning with
a child then are we not determining whether the system has failed,
that we failed them, rather than anything else? And where does
rigor play in this when we compare ourselves to other countries?

Mr. AUGUSTINE. You always ask very difficult questions.

Mr. HONDA. But I do not have that much chance to talk to you.

Mr. AUGUSTINE. Regarding the question of equity, I have not
thought a great deal about that, to be candid. If I were on the spur
of the moment to try to define what would be equity, it probably
would be something like being certain that we have a system that
affords every child the opportunity to maximize their ability to con-
tribute.

Mr. HONDA. Sure.

Mr. AUGUSTINE. Unfortunately, we do not do that today in a lot
of areas.

Mr. HONDA. Is there a reason why?

Mr. AUGUSTINE. I think there are many reasons. Many of them
come down to economics. I am a Regent of the University System
of Maryland. I spent a lot of time recently with regard to the broad
issue you raise. American universities lose about half their stu-
dents along the way. A good part of those are because there is a
chasm between what it takes in this country to get a high school
diploma and what it takes to succeed as a college freshman, par-
ticularly in science, engineering, and math. The youth may have
that diploma, but they are ill prepared to take on college work be-
cause of poor quality K through 12 education. That is one big prob-
lem.

The other large problem is a financial one, that a lot of our stu-
dents have to drop out for financial reasons even though they are
performing fairly well. Also, holding jobs part time makes it even
more challenging to perform well academically. I think those are
all ingredients to the issue.

If I might, I would like to come back to your question about inno-
vation. Ironically, I think we are very good at innovation in this
country. I think it is one of our strong suits, particularly in our
universities, where critical thinking is the coin of the realm. It is
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not only welcomed but it is encouraged. In the company I had the
privilege of leading, when I was there I think I had about 80,000
scientists and engineers working for me, I would be very confident
that 1 percent of them got 90 percent of the patents for us. As you
say, there are those spikes. We have to find the people who can
produce those spikes and give them the opportunity to create. In
science, the same people write the articles over and over. The same
people come up with the new ideas. Those people are the treasures
that will keep the rest of us employed.

Mr. MOLLOHAN. Thank you, Mr. Honda. Ranking Member Mr.
Wolf.

Mr. WoLF. I thank you, Mr. Chairman, Mr. Augustine, welcome.
I apologize. I have been apologizing to the witness. Governor
Baliles was in my office and we were working on a project, and I
just could not leave. And I wanted to be here.

One, I want to thank you for what you did on the Gathering
Storm. If there was any bright spot, that was the—that was the
only bright spot. I quickly went through your testimony. And it
looks like you are really not that optimistic. Is that a fair state-
ment, or do we want to just summarize what I think I know, what
I may not know?

Mr. AUGUSTINE. I think, Mr. Wolf, I would characterize

Mr. WoLF. Are we doing better, or even, or worse than you
thought—hope we would do?

Mr. AUGUSTINE. The question is what we are doing better, even,
or worse?

. Mr. WoLF. Yeah, compared to when you did the Gathering
torm

Mr. AUGUSTINE. The Gathering Storm——

Mr. WOLF [continuing]. The great report. Now where are we?

Mr. AUGUSTINE. I think I would say that with regard to the stim-
ulus legislation, one robin does not make a spring even though it
is a fairly—a robin on steroids, I guess you would say. Or maybe
you wouldn’t say that here! But my belief is that you have taken
an immensely important first step. I am much more optimistic than
I was two months ago.

I think we have continued to lose ground over the last three
years relative to our competitors abroad. I think that one of the
challenges is that we didn’t get ourselves into this predicament
overnight. Unfortunately, we won’t get out of it overnight.

As the Chairman points out, we are talking about influencing
fourth graders that 15 years from now will have a Ph.D in science.
If what we do is put a big spike in the system and don’t follow it
up, I don’t mean we have to have a spike every year, but we need
to follow it up. If we don’t, I think we will make many things
worse, because if we put a lot of money into research and don’t
have researchers, that money will either go abroad or it will be
wasted. Follow up is critical.

But, Mr. Wolf, I am always optimistic. I am much more opti-
mistic than I was two months ago. But I still think that we are in
a very vulnerable and exposed position.

Mr. WoLF. Well, I don’t know that—you know, I don’t think I am
that optimistic. Is there a reporter here from the “New York
Times”? Is the reporter here from the “Washington Post”? Is the re-
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porter here from the “Wall Street Journal”? Is the reporter here
from the “Chicago Tribune”? I mean, it is just not being covered.

Also I think part of the problem is that giants—you are one of
the few giants that have really kind of left. The giants have left
the field. I can’t really think of many giants in the business com-
munity anymore. And when they speak really carry such tremen-
dous weight. I think you do. There are still a number, but not to
the degree that it used to be.

And the concern that I have, and we are trying to do something
about it, is the country is broke. We are absolutely broke. We have
run out of money. And Jim Cooper and I, Congressman Cooper, a
Democrat, we have a bill in. We can’t get it out of this institution.
This is the most political, partisan institution. I have served for 28
years that I have ever been in. I mean, it is very, very. And so each
side is looking to how they can make the point against the other
side.

And so we have a commission that puts every spending program
on the table, Medicare and Medicaid, Social Security, and tax pol-
icy, and does it in a way that say we don’t do that so we can have
a tsunami in the country. But if we do do it, we can have a renais-
sance in this country. We can create more jobs, put more money
into math, and science, and physics, and chemistry, and biology,
and cancer research, and research on autism, and research on Alz-
heimer’s, and just kind of to change America.

And we are having a hard time moving it. We have the support.
David Broder supports it. David Brooks supports it. David Walker
supports it, Pete Peterson. But we can’t get it out of this place. We
just can’t get it out.

They are not having enough problem in China. I mean, they are
moving ahead and doing things. So I don’t know that I am as en-
couraged that you would be. My wife and I, we have five kids and
we have 13 grandkids. We are going to have another one. We just
got a call two nights ago. I think that is going to be a very bleak
situation unless some fairly dramatic thing is done.

So, one, I would hope you would speak out for our commission
with Walker, and with Peterson. And Business Roundtable sup-
ports it, NFIB supports it, the Concord Coalition supports it, Sen-
ator Rudman, Republican/Democrat, totally bipartisan. We can
make sure we have the resources to kind of focus and put it in here
for the future for these young people that are here. That is the first
thing.

Secondly, the staff said that you recommended that we should
have a commission or an advisory group that goes around and
looks at some of the best things that have been done.

Working with the Chairman, you know, we will work with you.
I think I am going to offer that amendment here. I am going to
offer that in the markup, or however the Chairman wants me to
do it, or on the floor. And I think you should give us some ideas.
Should this be a fast—a six-month turnaround? I mean, I don’t
think we have to have a two-year commission. And so we can look
at some of the best things. There are a lot of good things going on
at Thomas Jefferson High School in Northern Virginia. A lot of
good things going on around the country.
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If you could give us how you think it should be crafted, I will
offer that amendment. You tell me what you think the necessary
resources should be. If you tell me who you think should, not
names, but types of people that should serve on it, I will offer that.
And we will call it the “ Augustine Commission to Bright Sunshine
One” rather than “ Gathering Storm One.”

So we will try to do that. I will do it whether it passes or not,
we will find out. I am also going to send you the material that we
have on our—on our commission to get—to get control where we
are, so we do have those resources.

I mentioned the other day, I forget what witness, two months ago
I was on the train. I took the train from Washington to New York
City. Have you ever done that?

Mr. AUGUSTINE. Many, many, many times.

Mr. WoLF. The next time you do it, don’t read your book and
don’t read the paper. You can sit on either side of the train. And
look at the factories. They are closed.

Mr. AUGUSTINE. I have observed that.

Mr. WoLF. Graffiti is on the side of the wall, MS13 graffiti. The
windows are broken. The weeds are growing. In fact, some of the
weeds are growing out of the windows. And you come through my
old neighborhood. I am from southwest Philadelphia and South
Philly. You go right through my old neighborhood. There was the
largest General Electric factory I think in the world was there. It
was GE switch gears. It is gone. You go back to my old neighbor-
hood, the stores are boarded up. The factories have been broken
into by drug dealers. You know, they don’t make anything. And
there 1s that bridge, the sign on the bridge, up in Trenton.

Mr. AUGUSTINE. “Trenton Makes, The World Takes.”

Mr. WoLF. Yeah. What does Trenton make anymore? It should
say the world makes and Trenton takes. And so we want to do this
commission similar to yours. But we want to mandate that Con-
gress has to vote on whatever the recommendations are.

I mean, I think if we could have had Gathering Storm with base
closing commission language that would have required that Con-
gress to vote up or down. Then it will force, because, you know, a
lot of the people in this business, they love to give the speeches in
the Rotary. They love to say, you know, America’s best days are yet
ahead. And the sun has barely begun to rise. And yet on some of
these things that will make America’s best days ahead for my
grandkids and your grandkids, we are not kind of—we are just not
kind of doing it.

So I want to thank you for your effort, too. We will offer that if
you can be in touch with my office. I think you would have a fash-
ion.

And the last question is I would ask you, as I have asked others,
how do you think we are comparing to doing in comparison today?
And interesting, every member of the Chinese bureau is an engi-
neer, every single one. How do you think we are doing in compari-
son? If this were a footrace, a race which we are in, a race of a
wonderful country—my grandparents came here from another
country, a wonderful country that has had great opportunities.
That has probably put in 80 percent of the food into Darfur. That
is doing amazing things to help people around the world, in com-
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petition with a country, China, that has Catholic bishops in jail
and plundering Tibet.

How do you think we are doing in comparison to what I call—
as Ronald Reagan gave that speech, the “ Evil Empire,” as I call
a very evil government. How are we doing, America our country,
in comparison to China today?

Mr. AUGUSTINE. To use your footrace analogy, we had the good
fortune in this country of starting out years ago with about a 20-
yard lead in the 100-yard dash. It is probably more of a marathon
now. But we started out with a good lead, and we have been gradu-
ally consuming that lead.

Today, I think we are still very much in the race. But we are los-
ing ground rapidly. I don’t think we are yet at the tipping point,
but I think we are getting close. By tipping point, I mean to where
it is very difficult, if not impossible, to turn things around.

I think that your comments about bipartisanship, or non-
partisanship, or whatever, if there is anything in the world we
should be able to agree upon, it is educating our children and cre-
ating jobs for our people and not just scientists and engineers, but
for everyone. Maybe that is the reason we have been able to keep
this process, this particular issue, fairly nonpartisan.

Probably there are many in this room besides myself for whom
education made all the difference in their lives. I was the first in
my family to go to college. I was the second to attend high school.
But there was a chance to go to college. Many people paid my way
whom I have never met. That totally changed my life, and hope-
fully any contributions I might have been able to make along the
way.

We must pay attention to education and creating jobs through
science—that is where jobs get created today. Fifty to eighty-five
percent of the GDP growth is attributed to advancements in science
and engineering. That is why I think those fields are important.

And, Mr. Wolf, I would be honored to work with you on putting
some meat on the suggestion that I made to create a commission.
I think it is a six-month commission.

Mr. WoLF. Will you serve on it?

Mr. AUGUSTINE. I am not looking for a job, but yes.

Mr. WoLF. Oh, yeah. Well, it is not going to be a——

Mr. AUGUSTINE. Yes.

Mr. WoLF. Okay, good.

Mr. AUGUSTINE. Yes.

Mr. WoLF. We will drop it in and keep you

Mr. AUGUSTINE. Two stipulations, sir. One is that I not be paid
and the other is that I don’t have to fill out all 10,000 forms you
have to fill out whenever you do anything for the government

Mr. WoLF. Okay. We will be in touch and work with you.

Mr. AUGUSTINE. The effort will take about six months.

Mr. WoLF. And thanks for your—thanks for your

Mr. AUGUSTINE. Thanks for your kind words.

Mr. MOLLOHAN. Mr. Aderholt.

Mr. ADERHOLT. Thank you, Mr. Chairman. Thank you for being
here today. You talked about the major challenges that still re-
main. And one of the things that you mentioned in your opening
remarks and in your written statement that was provided is that
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the one-time injection of funding would actually be counter-
productive. Now, obviously, I mean, you can—there is a lot of obvi-
ous reasons why that would be the case.

What is some other—I mean, just—I would like for you to just
talk a little bit about that. When you put that into your statement
what you were thinking and what your thoughts are. Like I said,
it is obvious that that would be the case. Just expand on that a
little bit.

MAJOR CONCERNS

Mr. AUGUSTINE. I would be happy to do that. I think there are
two major concerns. The first is that we don’t have the capacity to
spend the money; that we encourage a lot of young people to study
science and math and become researchers, and when they are done
with their education there is no money to fund research. Research
in this country is going to have to be funded largely by the federal
government.

Industry has all but withdrawn from the research endeavor,
basic research, because of the pressures of the marketplace, the
near term, “what did you do last quarter?” We see the demise of
great research institutions like Bell Labs, or the shrinking of Xerox
research, or Dupont, or many great research facilities.

Government is going to have to pick up more of the load. Given
those circumstances, the question gets to be what the government
is going to be able to afford to sustain. And there is an additional
problem with the so-called one-time stimulus. And that is the fact
that there is a limit on how much one can efficiently spend; how
much one can manage.

When you are dealing with long-term problems like education,
like research, they have time constants of 10 or 15 years, whereas
the Congress’ time constant tends to be one or two years. In busi-
ness it’s one quarter. So what do you do with those long-term
issues? I think that you just have to be prepared to sustain what-
ever it is you start.

I think that big injections that aren’t followed up probably will
be wasteful.

Mr. ADERHOLT. When you were discussing with Congressman
Wolf about your optimism and various other things, a couple of
times you mentioned that over the last two months you have been
encouraged, immensely encouraged. I just was curious about that.
What in the last two months has taken place and is giving you en-
couragement?

EDUCATION

Mr. AUGUSTINE. I think the commitment of the Congress and the
President to putting substantial funds in the stimulus package for
science and education, in a non-trivial amount, is very encouraging.
But I wish it had been more, frankly. I think education didn’t get
the emphasis that I would like to have seen it receive.

I am afraid the way much of the education money is going to be
spent would not have been the way the Gathering Storm Com-
mittee would have proposed. That is not entirely the case, but
much of it I think is that way.
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So my encouragement is really attributed to one thing, and that
is the commitment of the President and the Congress to doing
something about this problem. If that could be sustained, I think
we can turn this situation around. I don’t think we are anywhere
near hopeless . . . yet.

Mr. ADERHOLT. But, of course, with the stimulus package to a
large extent it is a one-shot thing.

Mr. AUGUSTINE. Yes.

Mr. ADERHOLT. But you are still encouraged even with that.

Mr. AUGUSTINE. I am. I think it is a great first step. I think what
we need to do now is make research and education a part of the
regular budget process and make sure we follow up. It has to be
institutionalized.

Mr. ADERHOLT. Thank you, Mr. Chairman. Thank you.

Mr. MOLLOHAN. Mr. Serrano.

Mr. SERRANO. I am going to ask you the same question that I
asked this morning.

You were laughing at the microphone, or am I asking the same
question I asked this morning?

Mr. HONDA. Not just ready.

DIVERSITY IN EDUCATION

Mr. SERRANO. We always speak in this country a lot about diver-
sity. But diversity does not mean, in my opinion and the opinion
of most, not just making sure everybody gets a fair break, but in-
viting certain members of certain communities to participate in
areas they usually don’t participate in.

So for instance, when you look at numbers, statistics, you find
out that 12 percent of the population is African-American and 15
percent, roughly, is Hispanic. And yet eight percent of people get-
ting degrees in math and science are from these communities.

Other than the general approach to have more people participate
in these kinds of endeavors, should we, should the Congress,
should business, should the Administration be doing anything spe-
cial to invite young people to consider this area?

Mr. AUGUSTINE. I am glad you asked that. I think we have an
overall problem in this country where in the midst of this period
of burgeoning science and technology, we are graduating 20 percent
fewer engineers than we did 20 years ago. We are graduating 32
percent fewer U.S. citizens with engineering and science Ph.D.s
than we did ten years ago. And part of—

Mr. SERRANO. Excuse me, when you say “fewer U.S. citizens,” is
that because we are graduating folks that are here from other
countries?

Mr. AUGUSTINE. We are graduating 32 percent fewer U.S. citi-
zens with Ph.D.s in math, science, and engineering from U.S. uni-
versities. Within that subset, there is an even more dismal situa-
tion. About 20 percent of the engineering degrees—I happen to be
an engineer, so I am more familiar with that, go to women. The
percentage that I have seen for African-Americans and Hispanics
is more like six percent or so, which is vastly disproportionate to
their numbers in our society.

If we are going to compete with other countries that have popu-
lations four times the size of ours, where a great preponderance of
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the people that go to college and study math, science, and engineer-
ing, we can’t afford to handicap ourselves by not having half of our
population on the playing field.

Not to consume too much of the time you have for your question,
it has been mentioned that we lose these people, the people who
could be great scientists and engineers, by the time they are in
fourth grade. One of the problems, maybe not a problem but a chal-
lenge, is that science, engineering, and mathematics involve a very
hierarchal learning process. It is heavily dependent on mathe-
matics. If you didn’t take algebra, you can’t study trigonometry. If
you didn’t have trigonometry, you can’t take calculus. You can’t
just jump in and say I am going to take complex variables and skip
the rest. That is quite different from what it takes to go to law
school, or medical school, or many other professions.

This decision point is very early in life. Unless we can interest
women, African-Americans and Hispanics to get over that critical
fourth grade point, they will probably have forgone the opportunity
to ever become science engineers, or mathematicians.

I am not positive of the following numbers, but they are close.
If you take 1,000 children in this country in first grade, by fourth
grade 650 of them will be considered to be non-proficient in math.
Now, once you fall behind in math you usually don’t catch back up.
A few do, but not many. If you go to eighth grade, it is 290 are
left out of the original cohort of 1,000. If you examine 12th grade,
it is 170—of which, happily, about 150 start college in a technical
field. About half of these drop out of the field before they get their
degree. So you wind up with just a small part of what you start
with.

To your point, Mr. Serrano, we have to find a way to interest
young children, particularly Hispanics, African-Americans, and
women in engineering, math, and science.

My experience dealing with young people is that there are two
things that really turn them on. That is dinosaurs and space. We
are short on dinosaurs, but we have science. Somehow we beat that
out of children fairly early on.

Mr. SERRANO. And I appreciate your answer, especially coming
from you, because this morning we had a great hearing where we
heard from scientists and a person representing teachers who teach
science. But it is always the business community, where you come
from, that says you are not preparing people.

So your message, in my opinion, resonates well, because it is a
message that, as it gets included in the Chairman’s reports from
these hearings, is basically telling the educational system you have
got to prepare more people for me. And you are not preparing the
people for me.

And you are leaving out, in answer to my question, a certain seg-
ment of the community. And you are right, you can’t—you know,
it is what I used to say years ago. And I am not the only one who
said it. You know, you help somebody along with a special college
program or dollars in their pockets so they can go to school, you
are going to get that back a million times, if you are only looking
at dollars, once they start to work. You are going to get it back the
first year most likely, or the second year, the third year, whatever.
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And so I appreciate your answer. I thank you for your testimony
today, for your being with us today. And like I said, I especially ap-
preciate it, because as a former CEO of such a prestigious corpora-
tion, your words have to be heard, because it is your part of society
that is saying send us people that can do the work. And as long
as no one is left out, then it makes a lot of sense, so I thank you
for that.

Mr. AUGUSTINE. Thank you.

Mr. MOLLOHAN. Thank you, Mr. Serrano.

Mr. Augustine, I was pursing a line of questioning. And I wanted
to get to your thinking about extending the doubling recommenda-
tion for NSF and NIST and the Department of Energy Office of
Science. What do you think about extending that to NASA Science?

Mr. AUGUSTINE. I should——

SCIENCE AT AGENCIES

Mr. MOLLOHAN. Let me ask you first of all, is there anything in-
trinsically different about science done at NASA than science done
at NSF, or NIST, or Energy?

Mr. AUGUSTINE. I suspect there may be some differences, but I
don’t think any of them are terribly profound. One of the curious
things about science is that one never knows where the applica-
tions will be. You may be doing something at NASA that has an
important application at NIH and vice versa.

The NSF properly puts a great deal of emphasis on work done
by others. NASA tends to do more in house. But I don’t think there
is any huge difference intrinsically.

Mr. MoOLLOHAN. Okay. We have had witnesses earlier in the
week, Dr. Cicerone and Dr. Fisk, former Associate Administrator of
NASA for Science. Not surprising that he would support the dou-
bling of the NASA science budget, but he did. And Dr. Cicerone ex-
pressed sympathy too.

So let me ask you first what do you think about the notion of
putting NASA science on the same track that NSF, and NIST, and
Department of Energy Office of Science are on, that is doubling
within the seven-year period?

Mr. AUGUSTINE. As you noted, the Gathering Storm Committee
really did not consider that. But my personal view would be that
even not having looked at it in the detail we looked at the ones we
did cover as recommendation, it would be a very appropriate thing
to do.

Although it is not one of your Committee’s responsibilities, we
didn’t mention the Department of Defense, which when I was a
young engineer, was a primary source of funding for science. In my
career, NASA provided much of the generic information and knowl-
edge that we needed in the corporate world. NASA had always had
its technical notes and technical reports. There was a library where
you could go if you wanted to know something NASA was your
source of information. Actually it was called NACA then.

I am not able to present a very factual case. My intuitive feeling
is that money efficiently invested in science and education on tal-
ented people is probably about as highly leveraged as any invest-
ment I can think of.
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Mr. MOLLOHAN. Were those references, your NASA references,
you are testifying about, were they coming from NASA science or
from aeronautics?

Mr. AUGUSTINE. It was aeronautics in those days.

Mr. MOLLOHAN. Well, comment on the NASA funding in aero-
nautics, in the aeronautics accounts, if you will.

Mr. AUGUSTINE. NASA’s funding of aeronautics has over the
years been neglected. NASA used to provide the basic knowledge
that you needed in this country to design airplanes. Today that is
being left largely to the companies that are involved. NASA still
does important work in aeronautics, but as we all know, NASA has
shifted a great deal of its attention to space over the years. And
while I am certainly not opposed to that, I think it is unfortunate
that aeronautics has been neglected to the degree it has.

Mr. MOLLOHAN. Is it more than unfortunate? Does it have com-
petitiveness consequences? You know, at some point we really are
going to get down to funding these accounts. And aeronautics has
been neglected. Everybody has been concerned about that. Ranking
Member Wolf, when he was Chairman, routinely increased funding
for aeronautics as it came from the President’s request for reasons
that we would like you to elaborate on.

Mr. AUGUSTINE. The spending that has been neglected for NASA
in aeronautics has important competitiveness consequence.

Mr. MOLLOHAN. Still today?

Mr. AUGUSTINE. Still today. It is a cumulative consequence.
When one builds a new airplane, one draws upon what has been
learned over the years. Today, corporate America is having to do
more and more of that work on its own. As you will recall, it wasn’t
too many years ago we had four companies building large commer-
cial jet aircraft. Today we have one. And, arguably, it is not the
most prominent one on the planet any more. In that arena, NASA
could help a lot.

There also is a military consequence. The DOD is historically
very reluctant to invest in research. Were it not for the Secretary
there today, we wouldn’t have seen the increase we did see last
year. And so as we reduce spending at NASA on aeronautical re-
search, it impacts national security as well as commercial competi-
tiveness.

Mr. MOLLOHAN. So NASA aeronautics research basically looks at
fundamental research that industry doesn’t do or isn’t doing? What
is lost here? Why shouldn’t the private sector pick up its own re-
search? And what is lost? What has been lost?

Mr. AUGUSTINE. I think that the——

Mr. MoLLOHAN. Why, because NASA isn’t doing in aeronautics
what it did previously?

Mr. AUGUSTINE. One of the characteristics of research is that the
benefits often do not accrue to the entity that performed the re-
search or the investor that paid for the research.

In the arena we have been discussing, the books I used if I want-
ed to know the lift and drag characteristics of a wing, for example,
NASA (NACA) had whole books with different kinds of wings. You
could find a wing that had the properties you were seeking. It was
kind of a catalog. You could look it up, as the saying goes.
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Now, one thing industry could do if it could afford to, would be
for each company to produce its version of that book. But it would
be a terribly inefficient way for us to compete with other nations
and each other. First of all, the companies couldn’t afford to do it.
But even if they could, they would run two or three cases for wings
to see what looked good for their immediate interest. The rest of
the options would never be cataloged or looked at. It is this funda-
mental knowledge that NASA could bring.

Mr. MOLLOHAN. NASA is not doing that now?

Mr. AUGUSTINE. To a much lesser degree. And I use that only as
an example. Today there
Mr. MOLLOHAN. Yes.

Mr. AUGUSTINE [continuing]. Are of course alternatives. You have
computer programs that address many issues.

AERONAUTICAL RESEARCH

Mr. MOLLOHAN. Is that kind of aeronautical research being treat-
ed differently around the world? Are countries around the world for
their industry doing disproportionate basic research in aeronautics
that we are not doing?

Mr. AUGUSTINE. I think it comes back to the model, the way our
country is operated. In China, the government basically performs
aeronautical research. In Russia, the country basically performs
aeronautical research. In Europe, in my judgement, the companies
are heavily subsidized through Airbus. Airbus, if I am not mis-
taken, initially went 25 or 30 years without making a profit. There
are very few companies in this country that can do that. It was
kept afloat by their governments. Airbus has built quality products.
There is no question about that. The question is the appropriate
role of government.

Mr. MOLLOHAN. Let me get back to my line of questioning. You
commented on NASA science and recommending that it included in
those agencies that the science research should have doubled fund-
ing within that seven-year period.

What about research efforts at NOAA?

Mr. AUGUSTINE. I think much the same arguments apply, wheth-
er it is NOAA, or NIST, or NIH, each for different reasons, per-
haps. But as we all know, NOAA performs a terribly important
function. They probably have saved tens of thousands of lives over
the years through the weather forecasting they have made possible.
NOAA is very dependent upon basic research.

Not having looked at NOAA specifically, my answer would be
that increased research funding at NOAA is a very good invest-
ment up to the point at which one can no longer efficiently spend
that money, either because of limitations on facilities, management
skill, or the availability of researchers.

Mr. MoOLLOHAN. Did Gathering Storm make judgments about
what our competitiveness position would be if we were to commit
to this doubling track? In other words, would we be where we
should be with our foreign competition if we were to follow that di-
rective?

Mr. AUGUSTINE. I must confess that our assessment was largely
judgmental. And the reason for that was in part, time. But perhaps
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more importantly, we don’t know what others are going to invest
in the next five years.

If we look at the trends in China, if they could maintain that
trend, which I doubt that they can now, we are obviously strug-
gling to maintain our position. I think if we had implemented the
Gathering Storm recommendations, we could have stayed ahead of
China for a longer time. But China is, I think, going to have to be
spending less money in this arena as well. That may help us.

Mr. MOLLOHAN. Would it be a fair summary of your testimony
to say that you are recommending that the Gathering Storm rec-
ommendation, with regard to NSF, NIST, and the Department of
Energy Office of Science, be made applicable to NASA science and
to NOAA research, NASA research and science and NOAA research
and science, that they be included in that doubling recommenda-
tion, number one?

Mr. AUGUSTINE. That would be my personal view. The one caveat
is to be certain that the money could be spent efficiently.

Mr. MoLLOHAN. Right. And that is a word that either Dr. Cice-
rone or Dr. Fisk, I can’t remember, using. I hear your testimony
suggesting that at some point, I think you said maybe five years
and maybe today is the right time, to reset, to look at and see how
that recommendation relates to the real world, to how it impacts
our competitive position vis-a-vis our foreign partners. Do I hear
you recommending that?

Mr. AUGUSTINE. Yes, you do. I think that it is important to as-
sess whether we are getting what we thought we were going to get.
What have our foreign competitors spent? How are they doing? And
what can we afford?

To do this before a five-year period is probably not very meaning-
ful. Clearly one wants to monitor progress. But for any significant
assessment, even five years is fairly short, because the results of
research take so long to appear.

OVERSEAS FACILITIES INVESTMENTS

Mr. MoOLLOHAN. We have had three years of Gathering Storm. So
we will have something to look at, certainly with those agencies.
Of course we struggled actually to double. I would say maybe we
are just fulfilling that promise now. But it seems to me personally
that this is a particularly appropriate time to look at that and to
reset, which is the process we are involved in, because this Admin-
istration seems so intent on really fulfilling that commitment as
well as rededicating itself or dedicating itself to a new commitment
in science and research. And I am sure that has to make the com-
munity feel better out there about it.

And I can tell you we are going to be intent on looking hard at
that as we make judgements about how we fund these accounts.
These observations by you are really—are really very reinforcing.

One more question before I refer to the Ranking Member. Inter-
national collaboration, we are doing a lot of that. And, again, Dr.
Cicerone particularly talked about that. And as a part of that, he
made the point that we are investing in science facilities overseas.

Is that good news/bad news? Just first of all, before I follow on
with that, what is your thought about that trend? Is it a trend?
And what is your thought about it if it is?
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Mr. AUGUSTINE. It clearly is the trend. Science in recent years
has become very much an international collaborative process. In
terms of facilities, it is a trend that is well underway.

Mr. MOLLOHAN. Is that a good thing or a bad thing?

Mr. AUGUSTINE. Yes.

Mr. MOLLOHAN. Yes?

Mr. AUGUSTINE. Speaking as an American who cares about cre-
ating jobs primarily in America, not at the expense of others, if oth-
ers could elevate themselves, that is all the better

Mr. MOLLOHAN. Yes.

Mr. AUGUSTINE. I am concerned about creating jobs for Ameri-
cans. And among the things that have led to many breakthroughs
in science have been facilities. Those facilities are becoming in-
creasingly costly, some of them measured in multi-billions of dol-
lars.

Given those circumstances, would I prefer that America had its
own facilities? In my day it would have been giant wind tunnels.
Today it is linear accelerators and other things of that type.

Yes, I would prefer that we have our own facilities in this coun-
try just for us. But I also recognize that that is not practicable. To
duplicate facilities around the world is like repeating them among
companies. Facilities are used for basic knowledge. Duplication of
costly facilities isn’t appropriate. It wastes too much money.

I think we have to have internationally run and paid-for facili-
ties. That, of course, raises the question, have we given away the
advantage that we had hoped to derive? The answer is yes, we
have given away part of that advantage. But you can afford to go
it alone, an idea which I dismiss because if one isn’t a participant,
then one is left out of the world’s scientific knowledge base. And
it is so important that one have access, at least at the same early
time as others, to new knowledge. The half life of scientific knowl-
edge is very short.

One of the members of Gathering Storm Commission was Craig
Barrett who ran Intel. He told us that on the last day of any fiscal
year, Intel’s revenues come 90 percent from products that didn’t
exist on the first day of that same year. So if you can get to the
marketplace six weeks faster than your competitors with basic sci-
entific breakthrough, that is a big deal competitively.

Even if you don’t start out with a five-yard lead, at least you
don’t want to start out with a five-yard lag. It becomes a race of
how quickly can your engineers take that new knowledge and turn
it into products and services that people want. And how quickly
can the entrepreneurs and innovators get those products and serv-
ices into the marketplace.

Mr. MOLLOHAN. When my round comes back I am going to ask
you if you would enumerate any of those facilities and technologies
that you think are critical to keep here in the United States. But
I will give you a chance to think about that.

And I call on Mr. Wolf.

Mr. WoLF. Thank you, Mr. Chairman. I don’t know that I have
a question. I have been writing notes here. But, you know, I drive
a Ford Escort Escape. It is a hybrid. I can’t afford a Mercedes.
Have you seen the film, “ I.O.U.S.A.” ?
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Mr. AUGUSTINE. I am familiar with it. I have talked to David
Walker on the subject.

Mr. WoLF. Yeah.

Mr. AUGUSTINE. But I have not yet seen it.

Mr. WoLF. Yeah. We are broke. And when I listen to some of the
witnesses, if it was just a question of us buying another printing
press, I think we could fund that right away and get more paper
from. And we could just create more money. But we are broke. And
in the film it shows us in comparison to China. In essence, we are
borrowing money from the Chinese, so we can compete with the
Chinese.

And there is something wrong here. And I know a lot of politi-
cians don’t want to say anything about it. But there is something
wrong. I think it is fundamentally depressing that we are having
to rely on the Chinese. Even Hillary Clinton went over to China
the other day and didn’t want to offend the Chinese, because we
need them to buy our paper. I mean, they were hauling people
away when she was over there. But she didn’t want to raise those
issues—cases, because—and in the film “ I.O.U.S.A.” it shows that.

And you may remember this, although you were young and in
college, the British and the French invaded the Suez. And General
Eisenhower, President Eisenhower then, told them to get out, and
they refused. And Eisenhower said, “ Dump their paper.” And in
two weeks, three weeks they broke down quickly, because economi-
cally they were being pretty much controlled by us.

And so I just see it. And in the film it says that in the year 2030,
every dollar that comes in will either go to Medicare or Medicaid,
Social Security, or interest on the debt, nothing else. Not for math,
not for cancer research, not for the inner-cities, not for education.

This year the projection is the deficit is going to be $1.75 trillion
and some figure it go to 1.8 to 2. And deficits of a half a trillion
for as long as the eye can see. Moody’s said we lose their triple-
A bond rating. You are a businessman. I mean, what that means
for our country. We lose our triple-A bond rating in 2012. Now Ice-
land just went down the tubes. Lafayette I think did the same
thing.

I mean, we would move to paper. Government paper will be junk
bond status. So as we talk about the funding, which I am all for,
but the Bureau of Prisons need more money, because we have more
people in prison than any other country. And something is wrong
that we are not having rehabilitation programs. We need more
money for cancer research, for autism. I mean, a parent with an
autistic child, we should be doing something. I mean, we just have
so many needs. But there is no way to pay for it.

And so as I listen to you. I just finished reading the other night
this book, “ Colossus,” by Niall Ferguson. Have you ever read any
of his stuff?

Mr. AUGUSTINE. I have heard of him, but I have not read any of
his works.

Mr. WoLFr. Yeah. He says if this country crumbles, and he is a
Brit so he sees it from outside, it will crumble from within. It will
not be the foreign power with the military that it will be.

And so I worry about the work ethic. I was telling another wit-
ness that this summer down at Nags Head everyone was from Rus-
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sia, all the young students who work were from Russia. Last year
at Avalon everyone was from Bulgaria. Where were the kids from
Buffalo? Where were the kids from Fairfax? Where were the kids?
I always worked in the summertime and my kids did.

And so I just think some fundamental big issues. And it is like
the Simon and Garfunkel song, “ The Boxer.” A man hears what
he wants to hear and disregards the rest. I think as a nation we
are just disregarding some of the fundamentals.

So I agree with everything that every witness has said. And I
want to thank the Chairman for having these hearings. But I guess
if I were 40 I could pretend I don’t see the things the way that I
do. But I am now 70. And I have these grandkids and these kids.

Dietrich Bonhoeffer, you remember Dietrich Bonhoeffer. He was
marched from the Flossenberg Prison and hung as the Western ar-
tillery was—he said, “ A test of a moral society is what kind of fu-
ture it leaves for its future generations.” And I think we are failing
that.

Our inner-city schools are in decay. And the prison system
doesn’t work. And we are not putting enough into cancer research.
We are not putting enough into autism. We are not putting enough
into finding a cure for Lyme disease. We are not putting enough
into cancer.

And I think we have some fundamental entitlement programs
that we just got to deal with. And I am just saying this, you don’t
have to answer any of it, as you cast votes up here in this institu-
tion, the DCCC has a group over there ready to slash and burn you
the next day. And my party has one over on my side. And so the
first person to cast a vote that looks like they are trying to give
more money for this and takes it from something else, your polit-
ical career, ooh.

And everything is 24-hour news network. And as I said in an
earlier hearing, the “New York Times” said it was so important to
say that Obama was turning gray, but they didn’t cover Pete Peter-
son’s press conference yesterday showing that 56 percent of the
people think we have to deal with our economic crisis.

So I hear you, I thank you, and I thank all the others. But I
think we all have to come back to the taproom question that is
down here that I tell my grandson, Kaleb, working on a Saturday
morning. I just bought him a roto-tiller. What am I going to tell
Kaleb? How in the good Lord’s name are we going to pay so Kaleb
can live a life like you lived and I lived?

And I think, frankly, this institution—and I was—I was just as
critical. I am waiting to hear this side begin to go after their Ad-
ministration the way that I criticized the Bush Administration.
Paulson brought us to economic ruin. Paulson frankly fiddled while
Rome burned. And I say Hillary Clinton had one—Secretary Rice
had one of the worst human rights policy we ever had. And so I
say it about them.

And I want to hear what—but can we all just—when we get it
out, come together to see in a bipartisan way, because the Amer-
ican people are thirsty to see Republicans and Democrats to come
together and do what is right for this country, which may very well
be very controversial. Henry Hyde in his book that I read about
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two weeks ago said, “ Every member ought to know what they are
prepared to be defeated for.”

And so we need giants like you that are rapidly leaving the field
to begin to speak the truth to people up here and to everybody else.
But everything you say is great. But I just come to the bottom line,
how are we going to pay for it? And do you have any solutions?

Mr. AUGUSTINE. As you know, I share your concerns. If this were
a meeting in Spain in the 16th century when Spain was a global
power, I suspect that their citizens would have thought Spain
would continue to be a global power. By the 17th century it was
France, by the 19th century it was Great Britain, the 20th century
the United States. Well, the others are not global powers anymore.
A nation can lose that position.

I think we are playing with fire in this country in terms of losing
our position. I think that is a very real danger. It comes down to
priorities. As I talk to people around the country, they feel a lot
like you do. People are scared to death. Ride with a cabdriver.

But I think that it is a matter of priorities. I clipped out from
“USA Today” two articles last week. I want to be very careful how
I portray the second. One was from the front page. It listed four
items, each with very strong adjectives: the stock market was at
new low, the federal deficit at new high. Just devastating things.
The fourth, however, was a baseball player who had just signed for
$40 million for two years. He explained that he had to accommo-
date the fact that the economy was poor. If that is representative
of our priorities, then we will no doubt have great baseball teams.
We just won’t have jobs for most of our citizens.

The second—not to carry on too long here, Mr. Chairman—in
“USA Today,” there was a full-page ad about a week ago. It listed
several hundred children—high school graduates, high school sen-
iors—who had done terrifically academically. I took just the first 20
to do a sampling. Of that 20, 15 had names that were distinctly
Asian. These are U.S. high schools, the best students we have got.
Fifteen were distinctly Asian, one was distinctly Indian, and the
other three were European-descent sounding names.

Now that is not a very scientific survey, but until the rest of us
begin to give some of the attention to education that our Asian
community has, I think we have big problems. There is an exam-
ple, a bright spot right there in this country that the rest of us
could learn from.

Mr. WoLr. Well, I agree. In closing, I agree with you. Thanks for
your service. We will do that thing we talked about.

And lastly, I do believe the American people are actually ahead
of this institution. I think they are ahead. They are ready, and they
are prepared to do whatever it takes, because every—do you have
children?

Mr. AUGUSTINE. I have three grandchildren and a daughter.

Mr. WoLF. Wouldn’t you die for your children?

Mr. AUGUSTINE. Absolutely.

Mr. WoLF. You would die. You would do anything for your chil-
dren or your grandchildren.

Mr. AUGUSTINE. Die for them in a minute.

Mr. WoLF. And I think America is ready. And I think the failure
of this institution is that we are not prepared to do what is nec-
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essary for them. But I do believe the American people are far
ahead of us. And I think they are just thirsting.

You know, my best friend in Congress, he is a Democratic mem-
ber, Tony Hall, we still do everything together. We didn’t vote to-
gether on a lot of issues but some we did. But we do everything
together. And I think people want to see this place come together
and do some of these things. And if we did some of these things
that were tough, and jumped, and linked arms, and jumped off the
bridge together, I think it would be the American people would
support it.

But thank you very much.

Mr. AUGUSTINE. Thank you.

Mr. MOLLOHAN. Mr. Honda.

Mr. HONDA. Thank you, Mr. Chairman. Do I have ten minutes,
about ten minutes?

Mr. MOLLOHAN. Mr. Honda, proceed.

Mr. HoNDA. Okay. It has been an interesting discussion. And I
think we probably went over a lot of things that were the result
of our past actions that we have taken, whether they were sound
or not sound. But, you know, we are probably faced with one of the
fiscal issues that is a result of past decisions that we have made
here in Congress.

But having said that, you know, I have a sense that there was
some sense of uplift in terms of expectations. And I heard you men-
tion things like we need more basic research, which we used to cut,
and cut, and cut. Now we are in the mode of trying to put that
back into effect so that all of our agencies that are geared towards
doing research, which we need, to continue the discovery of new in-
formation, new knowledge, and then be able to use that, including
the need to cover the expense of helping these new ideas to go to
commercialization.

I heard that, because we need to help mind the gap. Hopefully,
that gets some consideration so that we can make that investment.
And realize some of the outcomes of that, because, as you said, two
or three percent of the population we are in decides that technology
produces about 95 percent of the income.

And I think that when we focus in on the things that we need
to do, we might see some sense in that list of youngsters you men-
tioned. And to me it is not a surprise. And that probably a lot of
those youngsters come from families who are recent immigrants,
who look at, trying to make sure that they make something of
themselves through education. But there is no magic in what they
do, because the same thing that recent immigrants from Europe
had done, it is called hard work and rigor.

Mr. AUGUSTINE. Exactly.

Mr. HONDA. And so I suspect that, because our smaller popu-
lation compared to India and to China, the gross numbers we look
at should be probably adjusted and looked at in terms of percent-
ages rather than just gross numbers, because of course, you know,
the population has got a billion and a half. It is going to have a
little bit more—the graduates in different areas. Perhaps their at-
tainment of their—the quality of their instructions may be dif-
ferent. But that is why I think that we are going to stay ahead.
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But we can’t afford not to—rigorously look at how we can con-
tinue to be ahead in terms of education and be innovative. And I
think that that is another message you gave us.

So you mentioned that something happens to our youngsters
after third grade. Maybe we ought to focus ourselves on what is it
that we do to kids. And what is it that the structure does to kids
after third grade? Because you are right, children want to come to
school. Because there is a study that has been done that some peo-
ple take the third grade graduation or their attainment academi-
cally. Based upon that, they predict how many prisons they are
going to need in the future. It is pretty dismal.

So I think that, maybe we could pay some attention to—what is
it that we do or we don’t do at that place? And I think it is pretty
astute that, some of our actions in terms of outcomes that it is
quarterly rather than long term. We need to probably shift our
similar thinking and not think too much about the shareholders of
a corporation but the return on investment we want to make to
how much we are going to make and put that into research and
everything else that will play out longer. And I think that in that
thinking, the shareholders of that arena are citizens and our chil-
dren and doing the right thing as policymakers.

You know, I think that a lot of the things that you have laid out
are pretty important. And I guess the conclusion I come up to is
that all these things that we talked about are related. And when
we in this Congress talk about trade, I think it determines what
immigration—it impacts everything that we do in terms of edu-
cation or any other policy that we have in this country. So maybe
as policymakers we have got to be careful in how we view things.

And so the enemy is not external. Pogo said it, “We met the
enemy, and the enemy is us.” And so maybe we ought to be inter-
nally thinking, because if we depend upon China for, balancing our
books, then maybe we ought to think about how not to go into def-
icit a lot. And right now we have to in terms of the economy. We
need to infuse it now. And so there are a lot of reasons why things
happen. And putting negatives or positives to it, I think we just
look at how do we improve the things that we do.

So I appreciate your presence and your thoughts. Let me wind
up my part. The Gathering Storm report that you made, made sev-
eral recommendations and observations regarding our immigration
policy at that time. The immigration policy was aimed at keeping
our world’s best and brightest students or visiting professors com-
}‘ng to this country to go to school here or to be part of our work-
orce.

Now given the current economic times and the challenges we
think we are faced with, has your—what is your thinking now on
the immigration behavior? And what recommendations would you
make that would be helpful for our society and for our economic
well being?

FOREIGN STUDENTS

Mr. AUGUSTINE. Mr. Honda, at the time we had prepared our re-
port, there was, as you know, a strong reaction to 9/11 which made
it very difficult for foreign students to come to this country and
even more difficult to stay here after they completed their work, I
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would submit that America’s science, and engineering enterprise,
particularly the research aspect of it, would barely function without
the foreigners who come to this country. Of the scientists under the
age of 40 with Ph.D.s in the U.S. workforce, a little over 40 percent
are foreign born. We are highly dependent upon people coming here
and staying.

Fortunately, we still have the best universities in the world, and
this attracts people to come here. But many of our policies drive
them out of the country. And that is an unfortunate policy that we
need to correct.

In terms of what needs to be done, our Gathering Storm Mem-
bers had a number of meetings with the prior Secretary of State
with regard to the post-9/11 issues, most of which have been re-
solved in terms of the short-term issue.

Our recommendation in the longer term is that every person get-
ting a Ph.D. in math, science, or engineering, or another critical
skill in this country who is not a U.S. citizen, would be permitted
to stay in this country an additional year to seek employment—as-
suming that they were reputable and could obtain the papers in
terms of the risk they might present. At the end of that year if they
were able to obtain a job in this country, which most probably
would find relatively easy, they would be given priority to become
citizens if they wished to do so. They would in any event be given
a green card so they could stay in this country and work. If we
would do that, we think we could turn around a lot of the loss of
talent that we are beginning to see.

Mr. HONDA. The push back on—back on discussion. It generally
ends up like well these folks take jobs away from our people. How
would you respond to them?

Mr. AUGUSTINE. Yes. I, of course, hear that a lot. My answer
would be that these individuals do not just consume jobs, they cre-
ate jobs for us. The more bright people you can have in a country
or in a company, the better off you are going to be. If one looks at
the companies in Silicon Valley, a disproportionate number of them
were created by people that were not born in this country. There
are some wonderful quotations by some of them to the effect that
if their families hadn’t been permitted to come here 20 years be-
fore, their company wouldn’t be in this country, it would be in
India or in China or perhaps wouldn’t exist at all.

Mr. HONDA. Yes.

Mr. AUGUSTINE. I think that for every job that is lost because
someone comes here and takes that job, there are ten jobs that are
created because somebody brilliant comes here and starts an Ama-
zon or an Intel. There is a long list of those companies that were
founded by non-citizens.

Mr. HONDA. I appreciate that. I represent Silicon Valley. And my
son graduated from UCLA with a degree in aerospace. I went to
his graduation. And this is how I saw it. If you looked at the grad-
uating class, it was maybe three or four hundred students scream-
ing. And they all had black hair, because I was way back in the
bleachers. And I asked myself is this one of these examples where
we have a lot of folks competing for slots that are limited. A lot
of them may be immigrants. And are they taking slots away from
other students, which is another argument that we hear? My con-
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clusion is that they may be competing for these slots. This is a
graduate program.

But the other question is are we building sufficient universities,
and state universities, and colleges to keep up with the demand?
And the answer is no, because the time that—going about with the
late 1970s to the current time, we built—we broke ground on two
new campuses in California, one the University of California and
one a state college. And we built something like 10 or 11 prisons.

There is something wrong with that picture. And I think that in
this country we have—I still have a lot of faith, and admiration,
and hope in this country, because if you look at my own commu-
nity, my parents wanted us to be doctors and lawyers. They were
disappointed when I became a teacher.

But every generation wants their kids to be something. But each
generation seems to have an opportunity to have greater choices.
And I think that this is what young people are seeing that they
have got greater choices other than just being scientists and tech-
nologists. We have sports, which is, another avenue for people. But
we have other fields, performing arts and things that reflect a
higher level of society that the human person can express them-
selves.

But we don’t want to lose our focus on the importance of what
science and technology brings to every citizen, that we should teach
every child how to think, how to be critical, and how to make deci-
sions. That in itself is important. And we are not doing a good job
with that.

So I really appreciate this discussion today, because it has helped
solidify some of my thinking. And reinforce some of the things that
I think are truth. But we have to be as policymakers clear on ev-
erything that we do and responsible to the future. And so, thank
you very much.

Mr. AUGUSTINE. Thank you.

Mr. MOLLOHAN. Thank you, Mr. Honda.

Mr. Serrano.

Mr. SERRANO. I will pass.

Mr. MOLLOHAN. Thank you. Well, have you had an opportunity
to think about what facilities are crucial or what programs are cru-
cial to keeping within the United States as we consider inter-
national collaboration, which I guess is an increasingly happening
thing?

Mr. AUGUSTINE. Yes. I am afraid I was listening. Apparently I
wasn’t thinking about the question.

Mr. MOLLOHAN. Well.

RESEARCH FACILITIES

Mr. AUGUSTINE. I will try to respond. Certain areas in science
stand out as being particularly important to be strong in. The in-
formation technologies would have to be one. Nanotechnology
would certainly be another. Biotech would probably be at the top
of the list. The pervasiveness of the breakthroughs in biotechnology
are just astounding, from building computers to producing energy,
to producing plastics, to feeding humans, to medical advances and
SO on.
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I would probably mention some of the medical fields, cancer re-
search and the likes because of the impact they have on all human-
ity.

One of the challenges of answering—trying to answer the ques-
tion you asked is that one is invariably wrong. Typically we have
missed the big breakthrough that suddenly shows up and that we
neverdanticipated. I suspect that I will continue our record in that
regard.

In terms of facilities, when one visits world-class facilities, for ex-
ample CERN in Switzerland and France or Biopolis in Singapore,
and then visits the better facilities of this country, it is like going
back 20 years. We are far behind the best of the best.

We have an overall problem of aging facilities. That makes it dif-
ficult to attract people to science, to encourage foreign students to
come here. By this I mean enough room in a laboratory, instrumen-
tation, the mundane things that it takes to perform science. But I
also mean the big science. The biggest of all is probably the linear
accelerator. That inevitably will be an international program be-
cause of its cost. And I don’t have any problem with that.

Regarding some of the advanced computing capabilities, I think
it is important to maintain a lead not only for the impact on
science but the impact on national security and intelligence.

Those are the areas that to me stand out. I suspect people who
live in the world of facilities probably could answer better than I.

Mr. MoLLOHAN. Well, Mr. Augustine, thank you very much for
your testimony today. And in the same breath, let me, again, thank
you for your service. As the Ranking Member noted, you are an ex-
ceptional corporate citizen who has been relied upon disproportion-
ately to many others. And I know that has been in and of itself a
service by you to the country.

I look forward to working with you in the future. If there are any
thoughts that you have that you would like to put on paper, you
know, after this hearing, we would certainly appreciate the benefit
of them.

Thank you so very much for your testimony here today.

Mr. AUGUSTINE. Thank you, Mr. Chairman, and your Committee
for the leadership you are providing in this area. It is greatly ap-
preciated.

Mr. MOLLOHAN. Thank you.
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Mr. MOLLOHAN. The hearing will come to order.

Welcome. Good morning, Dr. Solomon, and welcome before the
Commerce, Justice, Science, and Related Agencies Subcommittee.
We appreciate your coming today to provide your perspective on
the status of the scientific understanding of climate change and
predictions.

As those responsible for appropriations for the federal agencies
with the largest budgets for climate change science, NSF, NASA,
NOAA, we want to ensure that we provide appropriate support for
improved understanding, monitoring, and prediction of climate
change.

We also have responsibility for virtually all civil earth observing
satellites, both research and operational.

We have had to confront major cost overruns in the NOPE SS
Program and additional requirements appear likely given the an-
ticipated need to support operational climate predictions and moni-
toring.

In our hearings this week, we will explore the role of satellite
data in observing climate change. Our second and third hearings
will focus on examples of ongoing satellite observations of land
vegetation, ice sheets, ocean and atmospheric properties, and what
is required to sustain these critical environmental records.

Our final hearing will look forward to the future of satellite cli-
mate observations and the relationship between NASA and NOAA,
between research and operations, and how that may be a help in
controlling future costs.

Today we look forward to establishing a foundation for our sat-
ellite considerations by gaining more understanding of climate
change and the requirements its study and observation place upon
the programs in our jurisdiction.

Dr. Solomon, your written statement will be placed in the record.
And before I ask for your oral testimony, I recognize our distin-
guished Minority leader, Mr. Wolf, for any comments he may have.

Mr. WOLF. I do not have any. Thanks.

Mr. MOLLOHAN. Dr. Solomon, as I said, your written statement
will be made a part of the record and you proceed as you will.
Thank you.

(265)
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OPENING STATEMENT BY DR. SOLOMON

Dr. SoLoMON. Thank you very much. Thank you for the oppor-
tunity to talk to you today.

I would like to summarize the state of knowledge of climate
change science. I will base that mainly on IPCC’s 2007 reports as
well as other assessments by the U.S. National Academy of
Sciences and the U.S. Climate Change Science Program.

I would like to describe my view of key advances in under-
standing that have occurred since the reports were issued as well.

Warming is unequivocal. That is evident in independent sets of
measurements that all attest to the long-term changes in the cli-
mate. Among those are increases in global average surface air and
ocean temperature, widespread loss of snow and ice, and rising
global average sea level.

We actually chose to express that finding in unusually strong
language during the IPCC report process and that is because we
have so many different sets of data that all document changes in
a variety of observables.

Last year, 2008, is estimated to be the tenth warmest year on
record since observations began to be systematic about 150 years
ago and that shows that global warming is still apparent since the
IPCC report was finished.

It is clear that the primary driver of climate change is increased
carbon dioxide, which is produced by fossil fuel burning, and to a
lesser degree by deforestation. Today’s levels of carbon dioxide are
about 385 parts per million parts of air and that is unprecedented
in more than half a million years of data from ice cores.

In the past few years, since we completed the IPCC report, the
rate of increase of carbon dioxide has been faster than ever ob-
served in the instrumental record and that is due to increased glob-
al fossil fuel use.

By the end of the 21st century, carbon dioxide concentrations
could become as high as 1,000 parts per million if emissions world-
wide keep increasing at the type of rates we saw in the last decade,
which were about two percent per year. And with a sustained level
of 1,000 parts per million of carbon dioxide, an average day would
be about ten degrees Fahrenheit warmer than today.

Heat waves as bad or worse than the worst current heat waves
would become common. Decreased rainfall would be expected in
parts of southwestern North America, west Australia, southern Eu-
rope, and both northern and southern Africa. We have much higher
confidence in that now than we did a few years ago.

Droughts comparable to a dust bowl would be expected to occur
in all of those places. Fires would become more common in those
places and fire frequency would also be expected to increase in
many places that are dependent on snow pack for their water sup-
ply, such as much of California.

Glaciers and snow pack that provide water to at least a billion
people in Asia would disappear. Insect pests would become more
common, which would damage crops as well as forests. In short, it
would become a very different world.
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All of those impacts are based on physical processes that are well
understood and represent pieces of the science for which the con-
fidence is very high indeed.

I would now like to very briefly talk about some key uncertain-
ties. As the world warms, land and ocean uptake of carbon dioxide
decreases and there is some evidence that large amounts of carbon
could be released from melting permafrost in the Arctic.

Those feedback processes are very uncertain, but they have the
potential to substantially enhance future carbon levels. We need a
much better understanding of the cycling of carbon.

But carbon dioxide is not the only thing that is causing our cli-
mate to change. It is the largest factor, but it is not the only one.
Mitigation efforts directed at other climate change agents such as
reduction in soot, ozone, or methane could have very useful co-ben-
efits for air quality and related health effects. And it is really the
suite of driving agents and options that needs to be considered.

Climate change is not limited to warmer temperatures. It ex-
tends to water, storms, sea level rise, snow pack, heat waves, flood-
ing, fire, and really much more. So improvements to numerical
modeling, process studies and analysis and monitoring will all be
needed to provide the kind of information required for many deci-
sions, especially local adaptation decisions.

Improved numerical simulation at smaller scales is a pressing
issue in research. Networks to monitor how climate is changing are
generally considered to be barely adequate. Some are in danger of
being lost altogether.

Measurements of rain, snow, clouds, humidity, tropical and mid
latitude storms, solar radiation, aerosols, and many greenhouse
gases are all examples of key areas for monitoring and process
studies.

Increasing carbon dioxide increases the acidity of the oceans
through very well-estimated chemistry and the increases in acidity
have the potential for vast effects on marine life and ocean eco-
systems. We do not understand that very well at all at the mo-
ment.

The sea level rose by about six inches in the 20th century. How
much will it rise in the future? Well, expansion of warming water
and melting of small glaciers are well understood and they can be
expected to produce up to three feet of sea level rise within about
two to three centuries. That is enough to inundate many small is-
lands and regions such as Florida.

But there is a wild card in the sea level problem, a third process
that is very poorly understood. That is rapid flow of ice from Ant-
arctica and Greenland. There is evidence for locally rapid ice flow,
but it is not yet possible to integrate that contribution over the full
size of the ice shape to quantify the total contribution to sea level
rise. It could be on the order of a few meters over centuries, but
it is very uncertain.

Those are a few of the questions facing the nation and the world
as the climate continues to change. There is much that we do
know. There is also much that we do not know.

dThank you very much for the opportunity to speak with you
today.

[The information follows:]
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I thank Chairperson Mollohan, Ranking Member Wolf, and the other Members of
the Subcommittee for the opportunity to speak with you today on the state of climate
change science. My name is Susan Solomon and I am a Senior Scientist at NOAA’s
Earth System Research Laboratory in Boulder, Colorado. I've been a scientist at NOAA
for more than 28 years. My work has focused on understanding both ozone depletion
and climate change. In 2000, I received this nation’s highest scientific award, the
National Medal of Science. I've also been honored with membership in the U. S.
National Academy of Sciences and I am a foreign associate of the French Academy of
Sciences, the Royal Society of London, and the Acadamiae Europaea. I'm the author or
co-author of more than 150 scientific publications. I've served as an author on various
reports of the Intergovernmental Panel on Climate Change (IPCC) beginning in 1992 and
as co-chair of IPCC’s fourth major climate science assessment report released in 2007.

I would like to summarize some aspects of the process and primary findings of
IPCC’s 2007 reports, and to describe my view of key advances in understanding that
have occurred since the reports were issued. I'll identify key findings that can be
considered well understood on the basis of both observations of climate change and
physical understanding of the processes involved. T'll also identify aspects of climate
change science that are not as well observed or understood, and are therefore subject to
larger uncertainties.

Since its inception about 20 years ago, IPCC has produced assessments of the
state of understanding of (i) the science of climate change, (ii) the impacts of climate
change and climate change vulnerability, and (iii) mitigation of climate change. Each of
these areas is the subject of a separate scientific assessment, and there is also a synthesis
summarizing findings across all three. The IPCC does not carry out or manage research.
The mandate of the IPCC is to evaluate information that must be independently
documented, primarily as peer-reviewed literature. IPCC’s reports have become the gold
standard for authoritative scientific information on climate change because of the
rigorous way in which they are prepared, reviewed, and approved. The 2007 IPCC
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climate science assessment was prepared by 152 leading scientists from around the world
who served as its authors. It was then reviewed and re-reviewed by more than 600
experts and dozens of governments. All of the review comments and responses have
been made publicly available. The comprehensiveness of the literature considered, the
scope of the evaluation, as well as the robustness of the findings were all subject to
extensive review. Completion of an IPCC assessment report requires a demanding line-
by-line approval of its summary that is critical for its value to policy-makers, and must
also be acceptable to the authors involved. This process ensures that key conclusions are
scientifically accurate. It also ensures that findings are accepted by all governments and
expressed in language that is useful to policy.

Among the key conclusions and updates to IPCC’s 2007 report are the following:

Warming is unequivocal, as is evident in independent sets of observations all
attesting to long-term changes to our planet’s climate. Among these are increases in
global average surface air and ocean temperatures, widespread losses of snow and ice
cover, and rising global average sea level. The finding that warming is unequivocal is
one that the authors chose to express in unusually strong terms, which stems from the
diverse sets of independent data documenting changes in many different observables.
Climate may be defined as the weather averaged over a period of about 20-30 years.
Globally averaged, today’s temperatures are about 0.75°C or about 1.3°F warmer than
they were 100 years ago. In a world that is warmer on average there is still variability
from year to year or season to season. Since the 2007 IPCC report, it’s been noted that a
La Nina event contributed to making global temperatures in 2008 slightly cooler than
some other recent years, but it was nonetheless much warmer than La Nina years that
occurred in the early part of the 20™ century. Indeed, despite the presence of a La Nina,
2008 is estimated to be the tenth warmest year since systematic global thermometer
records began about 150 years ago, showing that global warming remains apparent.

IPCC’s 2007 report noted the observation of increases in water vapor in
association with the observed global warming. This occurs because warmer air can hold
more water vapor. Multiple scientific studies have continued to support and extend those
observations since the 2007 report appeared. While water vapor is a very important
greenhouse gas, it responds to and amplifies climate change rather than being an
independent driver of climate change. It is a feedback to climate changes forced by
other factors but is not a significant forcing agent.

It is clear that the primary driver of climate change is increased carbon dioxide
produced by fossil fuel burning, and to a lesser degree by deforestation. Today’s levels
of carbon dioxide are about 385 parts per million parts of air, and this is unprecedented in
more than half a million years of data from ice cores. Carbon dioxide has increased by
about 30% compared to observations prior to the industrial era, and in the past few years
the rate of increase of carbon dioxide has been faster than ever observed in the
instrumental record. This is due to increased global fossil fuel use. These changes in
carbon dioxide have increased the acidity of the global surface ocean through well-
understood sea water chemistry. It is well understood that a substantial portion of the
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carbon dioxide remains in our atmosphere for a very long time even after emissions stop:
about 20% of today’s emitted carbon will remain present in the atmosphere for more than
a thousand years and will therefore alter the Earth’s climate for many human generations.
Other greenhouse gas forcing agents including methane, nitrous oxide, and halocarbons
have also made significant but lesser contributions to global warming.

IPCC’s 2007 report examined the distribution of temperature changes in time,
latitude, longitude, and altitude, and compared these to physical understanding of the
processes involved and to numerical model simulations that incorporate those processes.
Land areas are warming more than oceanic regions, as expected from physical
understanding and models. Higher latitudes in the Arctic are warming more than mid-
latitudes. This is expected, because the process of snow and ice retreat decreases the
reflectance of energy to space and allows more energy to be absorbed by the Earth’s
surface. This amplifies the high latitude warming. The Earth’s surface and the
atmosphere are warming globally up to about 10-15 km altitude, while temperatures are
cooling at higher altitudes in the stratosphere, just as expected based on our
understanding of greenhouse gases and ozone depletion. In contrast, larger warming
would be expected in the upper atmosphere if increased levels of solar activity were
responsible for the observed surface warming, so that is opposite to what is observed and
suggests a small role for solar changes. Based on these and other patterns that represent
fingerprints of the observed climate change, 1IPCC’s 2007 report concluded that most of
the global warming of the past half century was attributable to manmade increases in
greenhouse gases at a 90% level of scientific certainty. Recent published work
continues to support that conclusion. For example, IPCC carefully considered the
possible contributions of changes in the sun’s brightness to the observed warming.
Direct high-quality observations of the brightness of the sun since 1979 show very small
long-term changes in the sun over the period of the last three decades, when most of the
global warming occurred. Since the 2007 IPCC report appeared, there have also been
studies showing that cosmic rays have not increased significantly, providing direct
evidence that solar cosmic ray/climate mechanisms don’t account for a significant part of
the current warming.

Among the key findings of IPCC’s 2007 report was information not just about
temperatures, but also about other changes in the climate system. IPCC’s 2007 report
presented observations and model simulations of changes in rainfall, and recent studies
including the 2008 Climate Change Science Program (CCSP) assessment of weather and
climate extremes have supported those conclusions. Among key robust conclusions is
the finding that warming is associated with changes in rainfall patterns. In particular, the
already-dry regions just outside the tropics are becoming drier, while wet regions at high
latitudes are becoming wetter, and this is expected to worsen as the world continues to
warm. There is also strong observational evidence that the frequency of heavy rainfall
has increased and will continue to increase in the future, implying greater frequency of
flooding.

T'd now like to briefly turn briefly to some robust aspects of climate change
projections and impacts. By about the end of the 21* century, carbon dioxide



271

concentrations could become as high as 1000 parts per million if emissions worldwide
continue rising at a rate typical of the last decade, which is about 2% per year. The best
current science implies that with a sustained level of 1000 ppmv of carbon dioxide, an
average day would become about 10°F warmer than today, which corresponds to a
greatly changed climate. Heat waves as bad or worse than the worst current heat waves
(such as the one in Europe in 2003 that led to the deaths of more than 10000 people)
would become common. There is now increased confidence that decreased rainfall can
be expected as the world warms in parts of southwestern North America, west Australia,
southern Europe, and both northern and southern Africa. Droughts comparable to the
dust bowl can be expected to occur in the future not just occasionally in limited regions,
but in all of these places and at the same time. Many of the world’s most desolate deserts
would expand as semi-arid soils dry out. Glaciers and snowpack that provide water to at
least a billion people would disappear. Fires would become more common in these dry
regions, and fire frequency is also expected to increase in many locations that are
dependent upon snowpack for their water supply, such as much of California. Insect
pests would become more common, with attendant damage to crops and forests. All of
these impacts are based on physical processes that are well understood, and represent
aspects of the science for which confidence is very high.

The amount of carbon dioxide in the atmosphere is sometimes usefully compared
to the water level in a bathtub for the purpose of illustration. We are currently pouring
carbon into the system, providing a tap at a rate much bigger than the drain can take it
away (that drain is mainly absorption into the ocean and biosphere). The water level in
the bathtub will keep rising unless the amount of water coming in equal to or less than
what is removed, so the emission required to balance the carbon removal is important, If
the world chooses to stop carbon dioxide increases and the attendant global warming at
any level: 2°F, 4°F, or something else, this would require a reduction in global carbon
emissions by at least 80%. When we cut emissions would affect how much total
warming occurs, so decisions and actions on timing are important in determining the
extent of the human-induced climate change that we can expect. But the drain has to
ultimately match the tap if carbon dioxide is to be stabilized at any point, and this
illustrates why mitigating climate change is a very substantial challenge.

I will now turn to key uncertainties. Society is clearly facing a vast array of
decisions about climate change. Decision-makers ranging from national, state, and local
levels as well as businesses, and citizens are increasingly seeking more climate change
information as input to their choices. Policy makers and citizens worldwide are seeking
more information regarding the design of future actions under the United Nations
Framework Convention on Climate Change and the Kyoto Protocol: how dangerous is
climate change is a frequent question, what are options for actions, how fast is the climate
expected to change, etc. I will provide some illustrative but far from comprehensive
examples of the many ways in which more research is needed to better inform current
and future choices about mitigation, adaptation, and some key fundamentals of climate
change.
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Some scientists have suggested geoengineering to remove the carbon dioxide or
to actively cool the climate as an alternative approach to emissions reductions. Ido not
have the expertise to cornment on the engineering aspects of these. However, many of
these proposals have the potential for uncertain climate side effects that would require
more research to ensure a firm foundation. For example, schemes to reflect sunlight
could cool the climate, but they could also reduce evaporation of surface water and affect
the water cycle and rainfall. More research is needed before such approaches can be
considered safe to present as options.

As the world warms, land and ocean uptake of atmospheric carbon dioxide
decreases, increasing the fraction of anthropogenic emissions that remain in the
atmosphere and enhancing the warming per pound of gas emitted. There is also some
evidence that large amounts of carbon could be released from melting permafrost in the
Arctic as the world warms. These feedback processes are very uncertain but have the
potential to substantially enhance future carbon levels. Their effects could become large
enough to make it much more difficult to stabilize carbon dioxide concentrations should
we choose to do so. There is hence a need for much better understanding of the cycling
of carbon and the ways in which climate change affects it.

As already noted, carbon dioxide is not the only agent causing our climate to
change, although it is the largest one. Other anthropogenic greenhouse gases and some
aerosols provide additional opportunities for climate change mitigation. Some of these,
such as reductions in soot, could have important co-benefits for air quality and related
health effects. Other options include improved containment or substitution for
hydrofluorocarbons in, for example, automobile air conditioners, and some of those
emissions reductions may be relatively easy to achieve. There is a potential for trading in
a basket of such choices among climate change agents, but there is limited information on
factors such as the effectiveness of such trades over time, and more research is needed to
ensure that the broadest range of practical climate change mitigation options are
considered.

As alternative sources of energy are sought such as biofuels, wind or solar energy,
new questions arise regarding those options, such as how local climate changes may
influence the availability of the water required to produce biofuel, or how a large solar or
wind array might modify local climates. There is very limited information now available
to guide key choices between such mitigation alternatives, and increasing demands for
such information.

Critical questions are being raised regarding how best to adapt to climate change,
through such measures as coastal infrastructure choices, changes in water management,
farming practices, and much more. But information about local climate changes at the
required spatial and temporal scales is currently subject to very large uncertainties in
many cases. Improved numerical simulations at smaller scales is a pressing issue in
research.
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Climate change is not limited to warmer temperatures but extends to water,
storms, sea level rise, heat waves, flooding, fire, ecosystem feedbacks, and much more.
While there is an emerging understanding of all of these scientific topics, improvements
in numerical modeling, process studies and analysis, and monitoring will all be needed to
provide the kind of information required for many decisions. Thave already referred to
the probable loss of water supplies in certain parts of the US such as the southwest and
California, and while this is understood in broad terms much more information is needed
to assist local water management choices. In other regions of the US, our ability to
project rainfail changes with warming is generally much less clear but no less important.
Similarly, there are many questions regarding how hurricanes could be affected by
climate change. Although there is some evidence for increases in the intensity but not the
number of the most intense storms, much more research is needed. Whether and how the
intensity and frequency of El Ninos and La Ninas could be affected by climate change
remains a research question, one that has large implications for many aspects of our
climate. Networks to monitor how these and other aspects of climate are changing are
generally considered to be barely adequate and some are in danger of being lost
altogether. Sustained observations are essential to ensure that key records are not lost;
better and broader observations and systematic analysis would help us to ensure that we
are aware of climate changes as they evolve and can better understand and characterize
them. Measurements of rain, snow, clouds, humidity, tropical and mid-latitude storms,
solar radiation, aerosols, and many greenhouse gases are all examples of the key areas for
monitoring.

Observations demonstrate that Arctic sea ice extent reached record low levels in
the late summers of both 2007 and 2008. It is very likely that the Arctic sea ice retreat is
driven at least in part by global warming, but the extreme reductions of 2007 and 2008
are not fully understood. There is some evidence that unusual wind patterns played a
role along with warming. Similarly, the changes in Antarctic sea ice appear to be driven
in large part by changes in wind patterns. So while changes in polar sea ice are well
documented, and there is important evidence for human contributions to those changes,
other factors are also likely to play some role and future projections are hence uncertain.

‘While ocean acidification is evident and is controlled by well-established
chemistry, it is less clear how the acidity increases will impact life in the ocean.
Increasing acidity of the world’s oceans has the potential for vast effects on marine life
and ocean ecosystems, but the degree to which various organisms may be capable of
adapting to a more acidic environment is uncertain, and more research is badly needed.

Sea level rose by about 6 inches in the 20™ century. How much further it will rise
in the future is not well understood. It is well established that water expands when
heated, and this is an important source of sea level rise. It is also clear that small glaciers
worldwide have lost mass as the world has warmed, supplying more liquid water to the
ocean and contributing to sea level rise. These two processes are well understand and can
be expected to produce up to 3 feet of sea level rise within about the next two to three
centuries if carbon dioxide continues to increase. Three feet of sea level rise would
inundate many small islands and low lying coastal regions, such as Florida, and this is
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already becoming part of coastal planning in many regions. A third process may be very
important but is very poorly understood, rapid flow on the great ice sheets of Antarctica
and Greenland. There is evidence for locally rapid ice flows, but it is not yet possible to
integrate this contribution over larger areas as would be needed to quantify the total
contribution to sea level rise. The potential contribution could be on the order of a few
meters over centuries, but is very uncertain.

These are but a few of the questions facing the nation and the world as the climate
continues to change. There is much that we do know. There is also much that we don’t
yet know that is especially important to particular mitigation and adaptation decisions.

Thank you again for the opportunity to provide this testimony.
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ATMOSPHERIC CARBON DIOXIDE

Mr. MOLLOHAN. Thank you, Doctor. We do appreciate your com-
ing to speak to us.

You said somewhere in the early part of your testimony, I think,
if I understood it, that today’s levels of CO, in the atmosphere are
the highest that they have ever been since the presence of man-
kind, did I understand you to testify, already right now?

Dr. SoLOMON. The highest they have been in half a million years.
And depending on how you define mankind, that certainly exceeds,
I think, any definition of mankind. You know, Cro-Magnon man
has been on the planet for I think about 30,000 years. So half a
million years is way past the Cro-Magnon man. It is way past
neanderthals. It is a long way back.

Mr. MOLLOHAN. And you know that from ice core samples?

Dr. SoLOMON. Yes. The little bubbles that are trapped in the ice
are analyzed to provide the amount of carbon dioxide. And that has
been done both in Antarctica and Greenland. And one of the things
that is really nice is having both of them. You can go back quite
a ways, over 100,000 years with both of them, and see the same
kinds of things.

SEA LEVEL RISE

Mr. MOLLOHAN. Uh-huh. Well, sea level rise looms large as per-
haps the most significant consequence of global warming and this
rise is predicted by the Intergovernmental Panel on Climate
Change to be between .6 and two feet in the next century.

And as you testified, does that predicted range include the effects
of major decreases in ice sheets or is it simply due to the thermal
expansion of world oceans? And you in your testimony, part of your
uncertainty was the impact of ice sheet. If you would elaborate on
that for us, please.

Dr. SoL.oMON. The IPCC was able to quantify certain terms that
contribute to sea level. One of them, as you said, is the thermal ex-
pansion of the ocean. That is well understood. When you make a
cup of tea, you see the water expand and that happens in the ocean
as well.

But that is not the only term we were actually able to quantify.
We also include the effect of the loss of small glaciers worldwide,
so glaciers in the Andes and Europe and Alaska and places like
that. That term was also included.

We have a number of other small terms that I will not go into,
but you are absolutely right. The key term that we simply do not
have enough information to quantify is the melting of the great ice
sheets of Greenland and west Antarctica.

And the physics is poorly understood, but what we know is that
we see rapid ice flow on those ice sheets. So it is fast. It is impres-
sive. I am sure you have all seen photographs of it. But it is not
understood well enough to be numerically simulated in terms of
how it will behave in the future. We just do not know how it is
going to behave in the future.

Mr. MOLLOHAN. Are there any predictions out there for the west
Antarctic ice sheet or the Greenland ice sheet?
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Dr. SOoLOMON. There is more information for Greenland and
there is an estimate that suggests that if all the variables are
pushed to their limits, we could see a change of about two meters
by 2100. So that is, I think, a fair estimate of the upper limit from
Greenland.

Mr. MOLLOHAN. Just from the Greenland ice sheet melt?

Ms. SOoLOMON. Yeah. I believe that may also include thermal ex-
pansion. I believe that may be that person’s best estimate of the
total upper limit range. I would have to check that, but I am pretty
sure that is true.

For west Antarctica, I think the numbers are much less certain.
That kind of analysis has not been done there. The real problem
is we see these things happening locally. We know they are very
important locally, but we do not know how important they are inte-
grated across the ice sheet and we do not know how they are going
to behave in the future.

There is some evidence that you may see transients where you
get a fast, rapid flow for a little while and then it stops. So it is
really quite difficult to project. We just do not understand the phys-
ics well enough.

DEFINITION OF GLOBAL WARMING

Mr. MoLLOHAN. Okay. Now, there are a huge number of people
in the world who, or it seems like there are a huge number of peo-
ple in the world who suggest that this is natural phenomena and
whether man is contributing to it or not. I am not sure whether
they dispute that, but they do suggest that the world has gone
through these cycles without the contribution of human activities.
And, therefore, I suppose, I do not want to speak for them exactly,
but perhaps they just say it is inevitable and not that it is good
or bad, but that it is inevitable.

First I would like for you to define for us what is global warming
and then relate the impact of that to climate change and its con-
sequences. What is global warming, the phenomena of global
warming, the chemical or the whatever?

Dr. SoLomMON. Well, ——

Mr. MOLLOHAN. If you can do that for us in a way we can under-
stand, that would be extremely——

Dr. SoLomoN. I will try. I will try.

Mr. MOLLOHAN [continuing]. Helpful.

Dr. SoLoMON. I would say that global warming is the change in
our planet’s climate that is being induced by the things that people
do. So it is mostly carbon dioxide increases, also other terms like
soot, methane. There are a number of different things that are con-
tributing to that.

I think perhaps what is really underlying your question is how
do we know this is unusual.

Mr. MOLLOHAN. No. Really the first thing that is underlying my
question is what is the phenomena. You have got sun coming in.
It is in some way being affected by CO, concentrations. That is
somehow, as some of the experts have tried to explain to me, react-
ing in ways that is creating heat, that is infrared, and it is bounc-
ing back up, that it cannot get out. And, therefore, the heat cannot
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get out and, therefore, really assume that we could understand it
if you were to elaborate on it.

Dr. SoLoMON. Okay. You are absolutely right. The sun is the pri-
mary source of heat to the earth. We all know that from going to
the beach. The sun is what heats the earth. The earth tries to cool
off by radiating in infrared.

And if you have ever seen, for example, night photographs, infra-
red photographs that people sometimes use, for example, in hunt-
ing and such things, you can appreciate that all objects have a tem-
perature and then they radiate their energy in infrared.

Basically what carbon dioxide and other greenhouse gases do is
to keep some of that energy in, so it keeps it from escaping out to
space. All the other planets do that. I should say all the planets
that have atmospheres do that just as our sun does.

And one of the things that I think is really a very beautiful illus-
tration of global warming is, or at least of the greenhouse effect,
I should say, is the fact that Venus has a greenhouse effect, too,
because it also has an atmosphere. And that keeps Venus much
hotter than it would otherwise be.

In fact, one of the reasons Venus is hotter than earth is not so
much that it is closer to the sun. It is actually because its atmos-
phere has a tremendous amount of carbon dioxide and also some
sulphur compounds that all contribute to

Mr. MOLLOHAN. So

Dr. SOLOMON [continuing]. Its greenhouse effect.

Mr. MOLLOHAN. So there is

Dr. SoLoMON. When you put in—sorry.

Mr. MOLLOHAN. No, no. I am sorry. You go ahead.

Dr. SoLoMON. When we put in carbon dioxide into our atmos-
phere by our activities making that gas, which is a major green-
house gas on our planet, 30 percent higher than it has been in half
a million years, that is causing the planet to warm up along with
some other factors, but it is the main one. And the net result is
a temperature that is about a degree, 1.3 degrees Fahrenheit

Mr. MOLLOHAN. So it is fair or accurate or useful to see CO, as
a catalyst and a compound in the atmosphere that inhibits the ra-
diation of heat back out of the earth and so the increased levels of
CO, exasperate this process so that less heat, more CO,, keeping
more heat into the atmosphere in the earth and, therefore, creating
an increase in temperature? And that is a phenomena we have not
seen during the age of mankind?

Dr. SOLOMON. That is correct. It traps the energy. Absolutely.

Mr. MoOLLOHAN. Mr. Wolf.

Mr. WoLF. Thank you, Mr. Chairman.

Doctor, welcome.

What of the causes, if you had to break it down percentage man-
made and not manmade or manmade and natural, how would you
break that down?

CAUSES OF GLOBAL WARMING

Dr. SoLoMON. That is a good question. The manmade causes of
the enhanced temperatures that we have now is mostly carbon di-
oxide to the tune of, I believe, about 60 percent of today’s global
warming. Methane also contributes. The chlorofluorocarbons and
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their replacements, hydro fluorocarbons and hydro
chlorofluorocarbons also contribute. Nitrous oxide also contributes.
So there is sort of a range of other gases that contribute as well,
but it is roughly 60 percent carbon dioxide, a small amount from
soot also, which is again manmade.

The natural forcing agents are two. There is the sun which if it
gets brighter can cause some warming. But we have good measure-
ments of how bright the sun has been since at least 1979 and it
has contributed very little over the period, at least since 1979.

So I think a fair number on that, I do not have it in my head.
I am sorry. But it is certainly less than ten percent, I think, is a
fair statement.

Volcanos actually cause cooling and we have had a number of
volcanos over the last 30 years or so. They only cool for a little
while, for a few years. So they have actually worked, though, to
cause a slight cooling effect.

So the volcanos and the sun are the natural terms. They are
quite small. The overwhelming cause of what we are seeing today
is certainly manmade chemicals, particularly carbon dioxide, but
also some of these other chemical agents.

SOLUTIONS FOR GLOBAL WARMING

Mr. WoLr. And what do you see as the solution? We hear stories
of cap and trade. I have an article here from the Washington Post
that was on June 26th of a year ago. It said with regard to global
warming, it said the answer—this is by a gentleman, maybe you
know him, an adjunct professor at the Copenhagen Consensus Cen-
ter, Bjorn Lomborg. Does that name ring a bell, L-O-M-B-O-R-G?

Dr. SOLOMON. Yes.

Mr. WoLr. What do you think of him? I do not know anything
about him.

Dr. SoLomMON. I have never met the man.

Mr. WoLF. But that is not an answer. I never met Lincoln and
I think he was one of the greatest Presidents that we ever had.

Dr. SoLoMON. Indeed. Indeed.

fl;l/lr. ‘\?NOLF. And Washington and Jefferson. So what do you think
of him?

Dr. SoLomoON. I have read his books. He has some useful points
to make and some of his points, I think, are not as useful. I am
not prepared to give you a complete review of his work at the mo-
ment. He certainly has received a lot of attention for his studies.
He has also, I think, been censured by the Danish Academy of
Sciences.

Mr. WoLF. For?

Dr. SoLoMON. That is probably all I can tell you.

Mr. WoLF. For what?

Dr. SOLOMON. Scientific misconduct, I believe, was the words
they used.

Mr. WoLF. Can you supply that for the record, so I can see what
it is, or just send me a copy?

Dr. SoLoMON. I will certainly look up what the Danish Academy
of Sciences——

Mr. WoLr. What he says in here is the answer is to dramatically
increase research and development so that solar panels become
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cheaper than fossil fuels sooner rather than later. Imagine if solar
panels become cheaper than fossil fuels by 2050, we would have
solved the problem of global warming.

But what is your thought about the idea of putting more money
into research and less into cap and trade as a solution?

He also goes on to say the economists have, they have pointed
out that a better response than cutting emissions would be to dra-
matically increase research and development on low carbon energy
such as solar panels and second generation biofuels.

SEPARATION OF SCIENCE AND POLICY

Dr. SOLOMON. There are a lot of different opinions on what we
ought to do about this issue. I am not an economist and I cannot
judge what would give us the fastest result for an improved cli-
mate. There are those people who argue that strong investment in
technology would pay off so well that nothing else should be re-
quired. I am not an expert enough to——

Mr. WoLF. Well, what do you feel between cap and trade and this
concept of greater investment? What do you think has the best op-
portunity for

Dr. SoLOMON. Boy, if I knew what to do, I would be happy to tell
you, but honestly I think it is just so difficult to project the future
of economic problems that I am at a loss to know what

Mr. WoLF. I think, though, frankly, there may be some excep-
tions, but my sense is most Congressmen do not know what to do
either. And if you do not know what to do, I think I would say
there probably are not any Congressmen that really know what to

0.

And I think the scientific effort, and I think it has to be scientif-
ically driven, is very, very important. So I think that it is impor-
tant to put together a group of people like yourself, but men and
women who we have the respect in for to sort of come up with some
solutions.

The real danger is you could move ahead and into a particular
area and then find out that that is not the way to go and have
spent a tremendous amount of money and have a major impact on
the economy.

Would you agree with that?

Dr. SoLOMON. Yeah. I think those comments are all fair. I think
that the issue that to me is particularly important is that we not
attack the science basis because we do not like the policies.

Mr. WoLF. I agree. No. That is what I said.

Dr. SOLOMON. Policies are

INTERNATIONAL GROUP TO LOOK AT CLIMATE CHANGE

Mr. WoLF. To put together a group of men and women who are
experts in the field, well respected to come up with a proposal or
an idea, rather than this being a political issue to be a scientific
issue.

Dr. SoLoMON. Yeah. I do not disagree with that either. But I
think it is important to recognize that there is the question of how
much climate change we think we are prepared to accept and at
what point do we begin to take actions because we have to weigh
the concerns for our economy against the concern for issues like
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droughts and heat waves and the number of people whose lives will
and livelihoods will be damaged.

The Framework Convention and the Kyoto Protocol all certainly
recognize the importance of weighing the damage to the environ-
ment along with the damage to the economy.

INTERNATIONAL COOPERATION

Mr. WoLF. How significant is it that China participate in what-
ever is done?

Dr. SoLoMON. China’s emissions today are about the same as
ours, So——

Mr. WoLF. Well, according to an article here, I would like to get
your comment on it, it was in today’s Washington Post, and when
I was reading, eating my breakfast, I saw, thinking of this hearing,
that said, this is in page A4 of today’s Washington Post, countries
importing Chinese goods should be responsible for the heat trap-
ping gases released during manufacturing.

A top Chinese official said yesterday, Li Gao, G-A-O, China’s top
climate negotiator—do you know him?

Dr. SoLomON. No.

Mr. WOLF. Said any fair—this is the country that has 30 Catholic
priests in jail and have a lot of Protestant Pastors and has plun-
dered Tibet and is spying on us, but he said any fair international
agreement to curb the gases blamed for global warming would not
require China to reduce emissions caused by goods manufactured
to meet demands elsewhere.

Then it goes on to say, according to the Associated Press, which
I think would differ, but China has surpassed the United States as
the world’s largest emitter of greenhouse gases. About 15 to 25 per-
cent of its emissions are generated by manufacturing goods for ex-
port.

So this article, I do not know what they base this on, says that
China has surpassed us. But what are your thoughts about Mr.
Gao’s comments that China should not be blamed for global warm-
ing and that they should not be required to have to deal with it,
only the country that the exports are going to?

Dr. SoLomMON. Well, they probably have surpassed us slightly in
the last couple of years, but I think i